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(57) Abstract 

Herbiridal ^substituted benzoxazoV7-yl) and 3-<substituted benzothiazol-7-yl>l -substimted^trifluoromethy 1-2,4- 
(lH,3H)pynmidinediones, exxnpositions containing diem, and methods of using them to control undesired plant growth are disclosed, 
as are novel intermediates used in the preparation of these compounds. The herbicidal compounds of the present invention are defined 
by generic structure o, in which R is selected from a variety of substituents, including halogen, alkyl, alkenyl, alkynyl, aryl, arylalkyl, 
alkylarylalkyl, baloalkyl, hydroxy, alkoxy, hydroxyalkyl haloaryl, haloarylallcyl, alkoxyaryl, sulfhydryl, alkylthio, piperidinyl, alkylamino, 
alkoxyalkyl, phenoxy, amino, alkylsulfonylammo, arylsutfonylamino, and carboxy; R 1 is alkyl or amino; R 2 is hydrogen or halogen; X 
is oxygen or sulfur, Y is hydrogen, halogen, alkoxy, cyano, or nitro; and Z is halogen; where halogen is bromine, chlorine, fluorine, or 
iodine, and each alkyl moiety has one to six carbon atoms. 
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HERBICIDAL ^SUBSTITUTED BENZOXAZOL-7-YL) AND 3- 
(SUBSTITUTED BEMZOTHIA20L-7-YLH -SUBSTfTUTED-6- 
TRIFLUOROMETHYL-2,4-(1H,3H)PYRIMIDINEDIONES 



The invention described in this application pertains to weed control in 
agriculture, horticulture, and other fields where there is a desire to control 
unwanted plant growth. More specifically, the present application describes 

1 0 certain herbicidal 3-(substituted benzoxazol-7-yl) and 3-(substituted benzo- 
thiazol-7-yl)-1-substituted-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinediones, as 
well as compositions containing them, methods of preparing them, and 
methods for preventing or destroying undesired plant growth by preemer- 
gence or postemergence application of herbicidal compositions to the locus 

15 where control is desired. The herbicidal activity of the present compounds 
has not previously been described. 

It has now been found that certain 3-(substituted benzoxazol-7-yl) and 3- 
(substituted benzothiazol-7-yl)-1-substituted-6-trifluoromethyl-2,4-(1 H,3H)- 
pyrimidinediones are highly active herbicides. The novel compounds of the 

20 present invention are defined by the following generic structure: 



R is halogen, straight or branched chain alkyl, alkenyl, alkynyl, aryl, 
25 arylalkyl, alkytaryialkyl, haloalkyl, hydroxy, alkoxy, hydroxyalkyl, haloaryl, 
haJoarytatkyi, aflcoxyaryJ, sulfhydryl, alkytthio, piperidinyl, alkyiamino, alkoxy- 
alkyl, phenoxy, amino, alkylsulfonylamino, arylsulfonylamino, carboxy, 
propionyl, halopropionyl, ailyloxy, propargyloxy, acetylamino, alkytthienyl, 




wherein: 
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alkoxyaiylalkyl, alkylsulfinyl, alkylsulfonyl, acetoxyalkyl, alkylcarbonyldioxy- 
alkyl, alkylaminosulfonyiamino, haloalkylsutfonylamino, aryiaminosulfonyl- 
amino, N-alkylsulfonyl-N-alkylamino, N-alkylsulfony-N-alkoxyallcylamino, N- 
alkylsulfonyHM-alkynylamino, N-alkylsulfonyl-N-alkenylamino, N-arylsulfonyl- 
5 N-alkylamino, acetoxyalkylamino, acetoxy, sodium carboxylato, amino- 
carboxylato, alkylcarbamoyl, alkylsulfonylcarbamoyl, alkoxycarbonyl, ace- 
toxyhaloalkyl, acetoxyalkenyl, acetoxyhaloalkenyl, acetoxyalkoxy, alkenyl- 
oxy, alkynyloxy, acetoxyalkytthio, cyanoalkylthio, alkynytthio, arylalkylthio, 
acetoxyalkylthioalkyl, arylalkylthioalkyl, alkylsulfonylaminoalkyl, alkoxyphos- 
1 0 phinyloxyamino, N-acetyl-N-alkylsulfonylamino, alkynyloxyalkyl, alkylcarbox- 
ylatophenoxy, haiophenoxy, alkylphenoxy, alkoxypropionyloxyphenoxy, or 
haloalkoxypropionyl; 

R 1 Is alkyl or amino; 

R 2 is hydrogen or halogen; 
15 X is oxygen or sulfur; 

Y is hydrogen, halogen, alkoxy, cyano, or nitro, and; 

Z is halogen; 

where halogen is bromine, chlorine, fluorine, or iodine, and each alkyl 
moiety has one to six carbon atoms. 

20 Preferred compounds are those in which R is alkyl, haloalkyl, piperidinyl, 
alkylamino, and alkoxyalkyl; R 1 is methyl or amino; R 2 is hydrogen or 
chlorine, X is oxygen or sulfur, Y is hydrogen, 4-chloro, 4-bromo, or 4-nitro; 
and Z is 6-chloro when Y is hydrogen or 6-fluoro when Y is other than 
hydrogen, where each alkyl moiety has one to four carbon atoms. 

25 The compounds of the present invention were prepared by methods 
known to one skilled in the art. 

In general the 3^substituteo^nzoxazol-7-yl)-1 -substituted^trifluoro- 
methyl-2,4-(1H,3H)-pyrimidinedione compounds were prepared by one of 
two routes, depending on whether the benzoxazole ring was formed prior to 

30 or after the formation of the 2,4-(1 H,3H)-pyrimidinedione ring. 

As depicted in Schema 1 , those compounds in which the benzoxazole 
ring was formed prior to the formation of the 2,4-(1 H,3H)-pyrimidinedione 
ring were prepared from one of two starting materials. The first starting 
material used to prepared those compounds in which the benzoxazole ring is 

35 formed first is an hydroxy-, alkyl hydroxy- or alkyl methylhydroxypropionate 
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(STM1), which is reacted with an alkyl halide, for example methyl iodide, 
under basic conditions to form the appropriate methoxypropionate (A-1 ). 
The propionate (A-1) is in turn hydrogenated under basic conditions to form 
the corresponding propanoic acid (A-2). 
5 The second starting material used to prepared those compounds in 
which the benzoxazoie ring is formed first is a substituted-3-chioroaniline 
(STM2). The aniline (STM2) is reacted with the appropriate alkyl anhydride, 
for example trimethylacetic anhydride, under acidic conditions, yielding the 
corresponding N-(substituted-3<^lorophenyl)alkyiamide (B-1). The aniline 

1 0 (STM2) can also be reacted with the appropriate propanoic acid (A-2), for 
example 2-methoxy-2-methylpropanoic acid, under basic conditions to form 
the appropriate N-(substituted-3-chlorophenyl)-substituted-alkylpropion- 
amide (B-2), for example N-(3-chloro-4-fluorophenyl)-2-methoxy-2-methyl- 
propionamide. The amides (B-1 or B-2) are in turn treated with n-butyl- 

1 5 lithium and cyclized with solid carbon dioxide, affording the corresponding 
[2-alkyl- or 2-(substituted-alkyl)-subst^ acid 
(C), for example, (244>utyl-6-fluoroben20xazol-7-yl)carboxylic acid. The so- 
prepared carboxylic add (C) is then reacted with ethyl chloroformate, 4- 
methylmorpholine, and sodium azide, yielding the corresponding [2-alkyl- or 

20 2-(substitirted-alkyl)-substituted4)enzoxazol-7-yl]carbonyi azide (C-1), which 
is treated with ethanol to form the corresponding ethyl N-[2-alkyl- or 2- 
(substituted-alkyl)-subst!tuted-beraox^^ (D). Additional 

substituents may optionally be added to the benzoxazoie ring at this point 
For example, ethyl N-(2-t-butyl-6-fluorobenzoxazol-7-yl)carbamate (D) is 

25 treated with N,N-cfichiorourethane under acidic conditions, affording ethyl hi- 
(2-t-butyM-chtoro-6-fluorobenzoxazo^ (E). The carbamates 

D and E are then reacted with ethyl 3-amino-4,4,4-trifluorocrotonate, sodium 
methoxide, and DBU to form the corresponding 3-[2-alkyl- or 2-(substituted- 
aikyl)-substituted-benzoxazol-7-yi]-6-t^ 

30 dione (F). The pyrimidinedione (F) is further reacted under basic conditions 
with an alkyl halide, for example methyl iodide, or 0-(2,4-dinitrophenyl)hy- 
droxylamine, or 1-aminooxysulfonyl-2,4,6-trimethylbenzene, affording the 
targeted 3-{2-alkyl- or 2^substrtuted-aIkyt)^ubstituted^enzoxazo^7-y!]-1 - 
alkyl-6-trifluorome^ (I) or 3-[2-alkyl- or 2- 

35 (substituted-alkyl)-subst!^ -amino-6-trifluoromethyl- 
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2,4-(1 H,3H)-pyrimidinedione (II). Examples 1 , 2, 4, and 5 provide the 
detailed procedures for this route. 

At this point additional substituents may be optionally added to the 
pyrimidinedione ring. For example, a chlorine moiety was added to the 3-(2- 
5 t-butyM-chlorobenzoxa2ol-7-yl)-1 -methyl-6-trifluoromethyl-2,4-(1 H.3H)- 
pyrimidinedione molecule (I) by treating it with N,N-dichlorourethane under 
acidic conditions, affording 3-(2-t-butyl-4-chlorobenzoxazol-7-yl)-1-methyl-5- 
chloro-^trifluoromethyl-2,4-(1H,3H)-pyrimidinedione (III). In addition, the 3- 
[2^substitutecl^emoxyalkyl)^ 
10 methyl-2,4-(1H,3H)-pyrimidinedione (I), for example 3-[2-(1-methoxy-1- 
methylethyl)^htoro-6-fiuorobenzoxazol-7-yl)-1-methyl-6-trifluoromethyl- 
2,4-(1H,3H)-pyrimidinedione, can be hydrogenated under basic conditions, 
yielding the targeted 3^2-(substtutecWiydroxyalkyl)-substitutecl-benzoxazol- 
7-vl)-1-alkyl^trifluoromethyl-2 I 4-(1H,3H)-pyrimidinedione (IV), for example 
1 5 3-[2-(1 -hydroxy-1 -methylethylH-ch|oro-6-fluorobenzoxazol-7-yl)-1 -methyl-6- 
trffluoromethyl-2,4-(1H,3H)-pyrimidinedione. Examples 3 and 15 provide the 
detailed procedures for these methods. 

As depicted in Schema 2, those compounds in which the benzoxazole 
ring was formed after the formation of the 2,4-(1 H,3H)-pyrimidinedione ring 
20 were prepared by reacting a disubstotuted aniline (STM3), for example 4- 
chloro-2-fluoroaniline, with N,N-dichlorourethane under acid conditions, 
yielding the appropriate trisubstituted aniline (AA). The anilines (STM3 or 
AA) are then reacted with pyridine and ethyl chioroformate, yielding the 
corresponding ethyl N-(disubstituted-or trisubstituted-phenyl)carbamate (H). 
25 When the carbamate (H) is an ethyl ^disubsttuted-2-fluoropheriyl)cart>am- 
ate, for example ethyl N-(4-chlon>2,6-difluorophenyl)carbamate, it is nitrated 
with nitric acid and sulfuric acid to form the corresponding ethyl N- 
(disubstituted-2^uoro^nrtrophenyl)c»rbamate (H-1). The ethyl N-(disub- 
strUitec^2^uoro^rtrophenyl)carbamate (H-1) is in turn reacted with sodium 
30 trimethylstlanoate in the presence of methanol and dioxane to form the ethyl 
N-(disubstituted-2Hfnethoxy-3-nitrophenyl)carbamate (H-2). The carbamate 
(H-2) is then reduced with iron powder and hydrochloric acid, yielding the 
corresponding ethyl N-(disubstmited-3-amino-2-memoxyphenyl)cafDamate 
<H*). 
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The ethyl N-(disubstrtuted-phenyl)carbamate (H) is reacted with ethyl 3- 
amino-4,4,4-trifluorocrotonate, sodium methoxide, and DBU to form the 
corresponding 3-(disubstituted-phenyl)-6-trifluoromethyl-2 > 4-(1 H,3H)- 
pyrimidinedione (I), for example, 3-(4-chloro-2-fluorophenyl)-6-trifluoro- 
5 methyl-2 t 4-(1H,3H)-pyrimidinedione. The pyrimidinedione (I) is reacted 
under basic conditions with an alkyi halide, for example methyl iodide, to 
form the corresponding 3-(disubstituted-phenyl)-1-aI 
(1H,3H)-pyrimidinedione (J). The pyrimidinedione (J) is then nitrated with 
hydrochloric and nitric acid to form the corresponding 3-(2,4-disubstituted-5- 

1 0 nitrophenyl)-1^kyl^trifluoromethyl-2,4-(1 H,3H)-pyrimidinedione (K), which 
is then reduced with iron powder and acetic acid to form the corresponding 
3-(5-amino-disubstituted-phenyl)-1 -alkyl-6-trifluoromethyl-2,4-(1 H,3H)- 
pyrimidinedione (L). The appropriate carbamate (H-3) is reacted with ethyl 
3-amino-4,4,4~trifluorocrotonate, sodium methoxide, and DBU in the manner 

1 5 previously described to form the corresponding 3-(5-am?no-6-methoxy- 
disubstrtuted-phenyl)-6-trifluoromethyl-2,4-(1 H,3H)-pyrimidinedione (LL). 
The pyrimidinedione (LL) is in turn reacted with an alkyl halide in the manner 
described previously to form the corresponding 3-(5-amino-6-methoxy- 
disubstituted-phenyl)-1 -alkyl^-trifluoromethyl^^O H,3H)-pyrimidinedione 

20 (L-1) The pyrimidinedione (L) is reacted with sodium nitrite and sodium 
azide under acidic conditions, yielding the corresponding 3-(5-azido-2,4- 
disubstituted-phenyl)-1 ^lkyl-6-trifluoromethyl-2,4-(1 H,3H)-pyrimidinedione 
(M). The pyrimidinedione (L-1) is treated with boron tribromide and 
methylene chloride to form the appropriate 3-(5-amino-6-hydroxy- 

25 disubsWuted-phenyl)-1 -alkyl«6-trifluoromethyl-2,4-(1 H,3H)-pyrimidinedione 
(M-1). The pyrimkiinediones (M or M-1) are in turn treated with phosphorous 
pentoxide and hexamethyldisiloxane and then reacted with either an organic 
acid, for example acetic, chloroacetic, benzoic, substituted benzoic, or 
methoxyacettc acid, or with the potassium salt of ethyl malonate, affording 

30 the targeted 3^trisubstituted-benzoxazol-7-yl)-1 -alkyl-6-trifluoromethyl-2,4- 
(1H,3H)-pyrimidinedione (V). The appropriate pyrimidinedione (M-1) can 
also be treated with cyanogen bromide or reacted with potassium ethyl 
xanthate in the presence of an alcohol to form the targeted 3-(disubstituted- 
2-amino- or -24hiobenzoxazo^7-ylH-alW^t^ H,3H)- 

35 pyrimidinedione (V), respectively. The pyrimidinedione (M-1) can also be 
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reacted with 1 ,1*-carbonyldiimidazole to form the appropriate 3- 
(disubstituted-2-oxo-2,3-dihydrobenzoxazd^ 

2,4-(1H,3H)-pyrimidinedione (M»2). The so-prepared pyrimidinedione (M-2) 
is in turn reacted with phosphorus oxychloride under basic conditions, 
5 affording the targeted 3-(disubstituted-2-chlorobenzoxazol-7-yl)-1-alkyl-6- 
trifluoromethyl-2,4-(1 H,3H)-pyrimidinedione (VI). The targeted 3- 
(disubstituted-2-chlorobenzoxazol-7-yl)-1 -alkyl-6-trifluoromethyl-2,4-(1 H.3H)- 
pyrimidinedione (VI) is in turn reacted with an aicohol under basic conditions, 
affording the targeted 3-(disubstituted-2-alkoxybenzoxazol-7-yl)-1 -alkyl-6- 

10 tn^uorome%l-2 > 4-(1H,3H)-pyrimidinedione (VII). Examples 6, 16, 18, 19, 
24, and 25 provide the detailed procedures for this route. 

Additional moieties may also be added to the benzoxazole ring at this 
point. For example, bromine moieties are added to 3-(2-methyl-4-chloro-6- 
fluorobenzoxazol-7-yl)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)-pyrimidine- 

1 5 dione by reacting it with N-bromosuccinimide under basic conditions, 

yielding the corresponding 3-(2-dibromomethyl-4-chloro-6-fluorobenzoxazol- 
7-y0-1-methyl-6-trifluorometh^ (VB). An alkyl 

group can also be added to 3-(2-thio-4-chloro-6-fiuorobenzoxazol-7-yl)-1- 
metiiyl-6-trifluoromethyl-2,4-(1H,3H)-pyrimidinedione by reacting it with an 

20 alkyl halide in the manner described previously, yielding the appropriate 3- 
(2-alkytthio-4K;hloro-6-fluorabenzoxazol-7-yl)-1-methyl-6-trifluoromethyl-2,4- 
(1H,3H)-pyrimidinedione (VC); In addition, (V), where R in the 2-position is 
amino may be further reacted to add additional moieties to the amine. For 
example, an acetyl moiety is added to 3-(2-amino-4-chloro-6-fluorobenzox- 

25 azol-7-vl)-lHne1hyl-64rifluorometh^ H,3H)-pyrimidinedione by reacting 
it with acetyl chloride in the presence of pyridine affording 3-(2-acetylamino- 
4-chloro-6-fluorobenzoxazol-7-y0-1 -methyl-6-trifluoromethyl-2,4-(1 H.3H)- 
pyrimidinedtone (VD). The so-prepared pyrimidinedione (VD) is in turn 
reacted with sodium hydride and methanesulfonyl chloride to form the 

30 appropriate 3^2-(N-acetyt-N-methylsulfonylamino)-disubstitLited-benzoxazol- 
7-yJ]-1-methy^6-tn^uoromethyl-2,4-(1H,3H)-pyrimidinedione (VE), which is 
hydrogenated under acidic conditions affording 3-(2-methylsuffonylamino- 
disubstituted-benzoxazot-7-yl)-1 -methyl-6-trifiuoromethyl-2,4-( 1 H.3H)- 
pyrimidinedione (VF). The pyrimidinedione (VF) is in turn alkylated in the 

35 manner described previously, affording 3-[2-(N-alkyl-N-methylsulfonyl- 
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amino)-disubstituted-benzoxazol-7-y^ 

(1H,3H)-pyrimidinedione (VG). Examples 14, 17, 20, 21, 22, and 23 provide 
the detailed procedures for this route. 

As depicted in Schema 3, the 3-(substituted-benzothiazol-7-yl)-1- 
5 substituted-6-trifluoromethyl-2,4-(1 H,3H)-pyrimidinediones are prepared 
from either of two starting materials, depending upon whether the 
substituent R in the 2-position of the benzothiazole ring is halogen or alkyl. 
Those compounds in which the substituent in the 2-position is an alkyl group 
are prepared by cyclizing a 2,4-, 2,5- or a 2,6-disubstituted-phenylisothio- 

10 cyanate (STM4) with an alkylmagnesium chloride under basic conditions, 
yielding the corresponding 2-alkyl-(4- or 6-substituted)benzothiazole (N), for 
example, 2-methyl-6-fluorobenzothiazole. 

Those compounds in which the substituent R in the 2-position of the 
benzothiazole ring is halogen are prepared by reacting 2-amino-(4- or 6- 

15 substituted)benzothiazole (STM5) with t-butyl nitrite and copper(ll) chloride 
to form the corresponding 2-halo-(4- or 6-substituted)benzothiazole (N-1), for 
example, 2-chk>ro-6-fluorobenzothiazole. The benzothiazoles (N or N-1) are 
in turn nitrated with nitric acid and sulfuric acid to form the corresponding 
2,4- or 2,6-disubsBtuted-7-nitrobenzothiazole (O). The so-prepared 7-riitro- 

20 benzothiazoles (O) where R in the 2-position of the benzothiazole ring is 
halogen may then be reacted to replace the 2-haiogen with other moieties. 
For example, 2,4-dichloro-7-nitrobenzothiazole is reacted with piperidine, 
affording the corresponding 2-(1-piperidinyl)-4- or 6-substituted-7- 
nitrobenzothiazole (0-1). The 7-nitrobenzothiazoles (O or 0-1) are then 

25 reduced with iron powder and hydrochloric acid, yielding the corresponding 
7-amino-(2,4- or 2,&-disubstituted)benzothiazole (P). 

At this point the 7-aminobenzothiazole (P), where R in the 2-position is 
halogen, alkyl, or other, such as 1-piperidinyl, may be treated directly with 
ethyl chloroformate to form the corresponding ethyl benzothiazolylcarbamate 

30 (Q), or with phosgene to form the corresponding benzothiazolylisocyanate 
(R-1). In an alternate method, (P), where R in the 2-position is halogen, may 
be reacted to replace the halogen with other moieties, or to add additional 
moieties to the benzothiazole ring. For example, (P), where R in the 2- 
position is chlorine, is reacted with sodium thiomethoxide, yielding the 

35 corresponding 7-amino-2-methytthio-(4~ or 6-substituted)benzothiazole (P- 
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1); or (P), where R in the 2-position is chlorine, is reacted with N- 
chlorosuccinimide, yielding the corresponding 7-amino-2 > 4,6-trichlorobenzo- 
thiazole (P-2). The 7-aminobenzothiazoles (P-1) prepared as outlined above 
may.now be reacted with ethyl chlorofonmate to form the corresponding ethyl 
5 benzothiazolylcarbamates (Q), or the 7-aminobenzothiazoles (P-2) may be 
reacted with phosgene to form the corresponding benzothiazolylisocyanates 
(R-1 ). Examples 9 and 1 0 provided the detailed procedures for these 
methods. 

Additional moieties may also be added to the ethyl benzothiazolylcar- 

10 bamate (Q) at this point. For example, a chlorine moiety is added to ethyl 
(2-chloro- or 2H7tethyl^fluorobenzothiazol-7-yl)carbamate by treating it with 
N,N-dichlorourethane under acidic conditions, yielding the corresponding 
ethyl (2-substttuted^hloro-6-fluorobenzoM (Q-1). In 

addition, (Q-1), where R in the 2-position is chlorine, may be further reacted 

1 5 to substitute other moieties in the 2-position. For example, ethyl (2, 4- 
dichloro-6-fluorobenzothiazol-7-yl)carbamate (Q-1) is reacted with 2- 
methylpropylamine, affording ethyl (2-methylpropyl-4-chloro-6-fluorobenzo- 
thiazol-7-yl)carbamate (Q-2). Examples 1 1 , 12, and 13 provide the detailed 
procedures for these methods. 

20 By the methods previously described, the ethyl benzothiazolylcarbam- 
ates (Q, Q-1, or Q-2) and the benzothiazolylisocyanates (R-1) are then 
cyclized to the corresponding pyrimidinediones (S) with ethyl 3-amino-4,4,4~ 
trifluorocrotonate in the presence of DBU, which are in turn alkylated, 
yielding the targeted 3-(2,4- 0 r 2,6- or 2,4,6-substituted-benzothiazol-7-yl)-1- 

25 alkyl-6-trifluoromelhy»-2,4-(1 H,3H)-pyrimidinedione (VIII). In one case 

alkylation of (S) resulted not only in alkylation at the expected 1 -position of 
the pyrimidinedione ring, but also replaced the chlorine in the 4-position of 
the benzothiazoie ring with methoxy. Examples 7 and 10 provide the 
detailed procedures for this route. 

30 Once the pyrimidinedione ring (VIII) is formed, additional substituents 
may be optionally added. For example, a chlorine moiety is added to the 3- 
(2-chloro^uorobenzcrthiaz^ 

pyrimidinedione molecule by treating it with N-chlorosuccinimide under 
acidic conditions, affording 3-(2-chtoro-6-fluorobenzothiazol-7-yl)-1-methyl-5- 
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chloro^trifluoromethyl-2,4-(1H f 3H)-pyrimidinedione (IX). Example 8 
provides the detailed procedure for this method. 
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Schema 2 
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Schema 2 (continued) 
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Schema 2 (continued) 
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Schema 3 
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Schema 3 (cont) 
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Schema 3 (cont) 
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EXAMPLE 1 

SYNTHESIS OF 3-(2-t-BUTYL-4-CHLORO-6-FLUOROBENZOXAZOL- 
7-YL)-1-MEWL^TRIFLUO^ 

(COMPOUND 4) 

5 Step A Synthesis of N-(3^hloro^fluorophenyl)+butylamide as an 
intermediate 

A solution of 10 grams (69 mmole) of 3-chloro-4-fluoroaniline, 75 mL of 
acetic acid, and 10 mL of tetrahydrofuran was stirred and cooled In an ice 
bath. During 15 minutes, 20 mL of trimethylacetic anhydride was added 

1 0 dropwise. Upon completion of the addition the reaction mixture was allowed 
to warm to ambient temperature, where it stirred for six hours. The reaction 
mixture was then poured into 300 mL of ice-water and stirred for 15 minutes. 
The resulting precipitate was collected by filtration and washed with water. 
The precipitate was purified by column chromatography on silica gel with 4:1 

1 5 hexanetethyl acetate as eluant The product-containing fractions were 
combined and concentrated under reduced pressure, yielding 10 grams of 
N-(3-chloro-4-fluorophenyl)-t-butyfamide. The NMR spectrum was 
consistent with the proposed structure. 

Step B Synthesis of (2-t-butyl-6-fluorobenzoxazol-7-yl)carboxylic acid 

20 as an intermediate 

Under a nitrogen atmosphere a stirred solution of 5.0 grams (22 mmole) 
of N-(3<^loro-4-fluorophenylH-butylamide in 1 00 mL of tetrahydrofuran was 
cooled to about -50 °C, and 18 mL (45 mmole) of 2.5 M n-butyllithium in 
hexanes was added dropwise at a rate to maintain the reaction mixture 

25 temperature below -30 °C. Upon completion of the addition the reaction 
mixture was stirred for 90 minutes and poured over solid carbon dioxide. 
The mixture was allowed to warm to ambient temperature, and 150 mL of 
aqueous 1 N sodium hydroxide solution was added. The mixture was 
extracted with two 50 mL portions of ethyl acetate. The organic extracts 

30 were combined and washed with 50 mL of aqueous 1 N sodium hydroxide 
solution. The combined washes were acidified to a pH of 2 with concen- 
trated hydrochloric acid and extracted with three 50 mL portions of ethyl 
acetate. The extracts were combined and washed with aqueous saturated 
sodium chloride solution. The organic layer was dried with magnesium 

35 sulfate and filtered. The filtrate was concentrated under reduced pressure, 



WO 97/08170 



PCT/US96/13995 



yielding 3.8 grams of (2-l-butyl-6-fluorobenzoxazol-7-yl)cart)oxylic acid. The 
NMR spectrum was consistent with the proposed structure. 
Step C Synthesis of ethyl N-(2-t-butyl-6-fluorobenzoxazol-7-yl) 
carbamate as an intermediate 
5 Under a nitrogen atmosphere a stirred solution of 3.7 grams (1 5.5 
mmole) of (2-t-butyl-6-fluorobenzoxazol-7-yl)carboxylic acid in 40 mL of 
tetrahydrofuran was cooled in an ice bath, and 1.6 grams (16 mmole) of 4- 
methylmorpholine was added slowly. To this was then added 1.5 mL (16 
mmole) of ethyl chloroformate during a five minute period. Upon completion 

10 of the addition the reaction mixture was stirred for 30 minutes, after which a 
solution of 2.0 grams (32 mmole) of sodium azide in 20 mL of water was 
added dropwise during a 20 minute period. The reaction mixture was 
allowed to warm to ambient temperature as it stirred for 30 minutes. The 
reaction mixture was then analyzed by thin layer chromatography (TLC), 

15 which indicated that no starting acid remained. The reaction mixture was 
poured into 150 mL of aqueous 5% hydrochloric acid solution, and the 
mixture was extracted with diethyl ether. The combined extract was washed 
with an aqueous saturated sodium chloride solution, dried with magnesium 
sulfate, and filtered. The filtrate was concentrated under reduced pressure, 

20 yielding 3.4 grams of the azide intermediate as a yellow oil, which was taken 
up in 50 mL of ethanol and heated at reflux for 18 hours. After this time TLC 
analysis indicated that the reaction to the carbamate was complete. The 
reaction mixture was concentrated under reduced pressure, taken up in 50 
mL of aqueous 1 N hydrochloric acid solution, and extracted with three 50 

25 mL portions of diethyl ether. The combined extracts were washed with an 
aqueous saturated sodium chloride solution, dried with magnesium sulfate, 
and filtered. The filtrate was concentrated under reduced pressure, yielding 
3.2 grams of ethyl r^244>iJtyl^fluorobenzoxazol-7-yl)carbamate. The NMR 
spectrum was consistent with the proposed structure. 

30 Step D Synthesis of ethyl N^2-t^utyl-4-chloro-6-fluorobenzoxazol-7- 
yOcarbamate as an intermediate 
Under a nitrogen atmosphere, a solution of 3.1 grams (1 1 .0 mmole) of 
ethyl N^2^-Dutyt^fluorobenzoxazol-7-yl)carbamate, 35 mL of acetic acid, 
and 02. mL (2.4 mmole) of concentrated hydrochloric acid was stirred and 

35 cooled in an ice bath. During five minutes 2.2 grams (14 mmole) of N,N- 
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dichiorourethane was added via syringe. Upon completion of the addition 
the reaction mixture was stirred for 4 hours, then analyzed by TLC, which 
indicated the reaction was complete. The reaction mixture was poured into 
100 mL of water, and 15 mL of aqueous saturated sodium bicarbonate 
5 solution was carefully added. The reaction mixture was then extracted with 
two 75 mL portions of diethyl ether, and the combined extracts were 
concentrated under reduced pressure, yielding a residual oil. The oil was 
subjected to column chromatography on silica gel with 8:1 hexanerethyl 
acetate as the eluant. The product-containing fractions were combined and 

1 0 concentrated under reduced pressure, yielding 2.4 grams of ethyl N-(2-t- 
butyl-4K:hloro-^fluorobenzoxazol-7-yl)carbamate, m.p. 127-129 °C. The 
NMR spectrum was consistent with the proposed structure. 
Step E Synthesis of 3-(2-t-butyl-4-chloro-6-fluorobenzoxazol-7-yl)-6- 
trifluoromethyJ-2,4-(1H f 3H)pyrimidinedione as an intermediate 

15 Under a nitrogen atmosphere a solution of 0.33 gram (6.2 mmole) of 
sodium methoxide in 45 mL of N,N-dimethylformamide was stirred and 
cooled in an ice bath. During 10 minutes a solution of 1.14 grams (6.2 
mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate in 10 mL of N,N-dimethyl- 
formamide was added dropwise. Upon completion of the addition the 

20 reaction mixture was stirred for 30 minutes, after which a solution of 1 .8 
grams (5.9 mmole) of ethyl N-(2-t-butyl-4-chloro-6-fluorobenzoxazol-7- 
yi)carbamate in 30 mL of N,N-dimethytformamide was added dropwise 
during a 15 minute period. The reaction mixture was heated to 50 °C, and 
0.91 gram (6 mmole) of 1,8-diazabicyclo[5.4.0]undec-7-ene was added via 

25 pipette. Upon completion of the addition the reaction mixture was heated at 
120-125 °C for 24 hours, then cooled to ambient temperature, where it 
stirred for 24 hours. After this time the reaction mixture was poured into 100 
mL of aqueous 10% lithium chloride solution and acidified with concentrated 
hydrochloric acid. The mixture was then extracted with three 50 mL portions 

30 of ethyl acetate. The combined extracts were concentrated under reduced 
pressure, yielding a black oil, which was extracted with four 50 mL portions 
of aqueous saturated sodium bicarbonate solution. The combined extracts 
were acidified with concentrated hydrochloric acid and then extracted with 
three 40 mL portions of ethyl acetate. The combined extracts were dried 

35 with magnesium sulfate and filtered. The filtrate was concentrated under 
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reduced pressure, yielding 0.34 gram of a dark oil. The black oil collected 
earlier was purified by column chromatography on silica gel. Elution was 
accomplished with 3:1 hexanerethyl acetate. The product-containing 
fractions were combined and concentrated under reduced pressure, yielding 
5 0.65 gram of a brown solid. The brown solid and the dark oil were 

combined, yielding 3-(2-t-biityl-4^loro^fiuorobervzoxazol-7-yl)^trifluoro- 
methyl-2,4-(1H,3H)pyrimidinedione. The NMR spectrum was consistent with 
the proposed structure. 

An alternative method used for preparing the 3-(2-t-butyl-4-chloro-6- 

10 fluoroberizoxazo^-yl)-6-tri^ inter- 
mediate is as follows. Under a nitrogen atmosphere a solution of 2.4 grams 
(45 mmole) of sodium methoxide in 40 mL of N,N-dimethyrformamide was 
stirred and cooled in an ice bath. During 15 minutes a solution of 8.2 grams 
(45 mmole) of ethyl 3-amino-4,4,4-tffiuorocrotonate in 40 mL of N,N- 

15 dimethylformamide was added dropwise. Upon completion of the addition 
the reaction mixture was stirred at 10 °C for 1.5 hours, after which a solution 
of 13.0 grams (41 mmole) of ethyl N-(2-t-butyl-4-chloro-6-fluorobenzoxazol- 
7-yl)carbamate (prepared in the manner of Steps A-D, Example 1) in 40 mL 
of N.N-dimethytformamide was added dropwise during a 15 minute period. 

20 Upon completion of the addition the reaction mixture was wanned to ambient 
temperature, where it stirred for five minutes, then was heated to 60 °C, and 
6.8 grams (45 mmole) of 1,8-diazabicycio[5.4.0]undec-7-ene was added via 
pipette. Upon completion of the addition, the reaction mixture was heated at 
120 °C for 4 hours, then cooled to ambient temperature, where it stirred for 

25 about 1 8 hours. The reaction mixture was poured into 200 mL of aqueous 
10% potassium carbonate, 100 mL of water was added, and the mixture was 
extracted with two 100 mL portions of diethyl ether. The combined extracts 
were washed with 50 mL of aqueous saturated sodium bicarbonate solution. 
The combined aqueous layer and washes were acidified with about 30 mL of 

30 concentrated hydrochloric acid, and the mixture was extracted with three 1 00 
mL portions of ethyl acetate. The combined organic extracts were washed 
with two 50 mL portions of aqueous saturated sodium chloride solution and 
two 50 mL portions of aqueous 10% lithium chloride solution. The organic 
layer was dried with magnesium sulfate, filtered, and concentrated under 

35 reduced pressure, yielding 6.4 grams of 3-(2-t-butyl-4-chIoro-6- 
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fluorobenzoxazol-7-yl)-64rifluoromethyl-2^ a dark 

oil. The NMR spectrum was consistent with the proposed structure. 
Step F Synthesis of 3-(2-t-butyl-4-chloro-6-fiuorobenzoxazol-7-yl)-1 - 
methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione 
5 (Compound 4) 

A stirred solution of 0.85 gram (2.1 mmole) of 3-(2+butyl-4-chloro-6- 
fluoix>benzoxazol-7-yl)-64rrfluoromethyl-2 > 4-(1 H f 3H)pyrimidinedione, 0.48 
gram (3.5 mmole) of potassium carbonate, 0.91 gram (6.4 mmole) of iodo- 
methane, and 35 mL of acetone was heated at 40 °C for 2 hours, then 

10 stirred at ambient temperature for 20 hours. The reaction mixture was 
concentrated under reduced pressure, and the concentrate was extracted 
with two 50 mL portions of diethyl ether. The combined extracts were dried 
with magnesium sulfate and filtered. The filtrate was concentrated under 
reduced pressure to a yellow oil, which was subjected to column chromatog- 

1 5 raphy on silica gel. Elution was accomplished with 8:1 hexane:ethyl acetate. 
The product-containing fractions were combined and concentrated under 
reduce pressure, yielding 0.60 gram of 3-(2-t-butyl-4-chlorc>-6-fluoro- 
benzoxazol-7-yl)-1 nriethyl-^trifluoromethyl-2,4-(1 H,3H)pyrimidinedione, m.p. 
68-70 °C. The NMR spectrum was consistent with the proposed structure. 

20 An alternative method for preparing 3-(2-t-butyl-4-chloro-6-fluorobenzox- 
azol-7-yl)-1-methyl-6-trifl^ is the 

following: A solution of 16.0 grams (39 mmole) of 3-(2-t-butyl-4-chlon>6- 
fluorobenzoxazol-7-yl)^trifluoromethyl-2,4-(1 H,3H)pyrimidinedione, 8.3 
grams (60 mmole) of potassium carbonate, 8.5 grams (60 mmole) of iodo- 

25 methane, and 150 mL of acetone was stirred at ambient temperature for 
about 18 hours. The reaction mixture was then concentrated under reduced 
pressure, and the residue was taken up in aqueous 5% hydrochloric acid. 
The mixture was extracted with three 75 mL portions of diethyl ether. The 
combined extracts were washed with aqueous saturated sodium chloride 

30 solution. The organic layer was dried with magnesium sulfate, filtered, and 
concentrated under reduced pressure, yielding 12.7 grams of a dark oil, 
which was subjected to column chromatography on silica gel. Elution was 
accomplished with 6:1 heptanerethyl acetate. The product-containing 
fractions were combined and concentrated under reduced pressure, yielding 

35 9.4 grams of 3^2-t-butyl-4^hloro-6-fluorobenzoxazol-7-yl)-1 -methyl-6- 
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trifluoromemyl-2,4-(1H,3H)pyrimidinedione. The NMR spectrum was 
consistent with the proposed structure. 

EXAMPLE 2 

5 SYNTHESIS OF 3-(24-BUTYL-4-CHLOROBENZOXAZOL-7-YL)-1- 

METHYL-6-TRIFLUOROMETHYL-2,4-(1 H,3H)PYRIMIDINEDIONE 

(COMPOUND 1) 

Step A Synthesis of N-(2,5-dichlorophenyl)-t-butylamide as an 
intermediate 

10 Under a nitrogen atmosphere a stirred solution of 5.0 grams (31 mmole) 
of 2,5-dichloroaniline, 6.5 grams (35 mmole) of trimethylacetic anhydride, 
and 1 drop of concentrated sulfuric acid was heated at about 80°C for four 
hours, after which analysis by thin layer chromatography (TLC) indicated that 
the reaction was complete. The reaction mixture was poured into 150 mL of 

15 aqueous 1 N hydrochloric acid and stirred for 30 minutes. The resulting 

precipitate was collected by filtration and washed with water. The filtrate and 
washes were combined and dried in a vacuum oven at 45 °C for about 1 6 
hours, yielding 7.3 grams of N-(2,5-dichlorophenyl)-t-butylamide. The NMR 
spectrum was consistent with the proposed structure. 

20 Step B Synthesis of (2-t4>utyi-4-chlorobenzoxazol-7-yl)carboxylic acid 
as an intermediate 
This compound was prepared in the manner of Step B, Example 1 , with 
6.0 grams (24 mmole) of N-(2,5Klichlorophenyl)-t-butylamide, 100 mL of 
tetrahydrofuran, and 24 mL (60 mmole) of 2.5 M n-butyllrthium in hexanes 

25 as reagents. The yield of (244>utyl-4^lorobenzoxazc^7-yl)carboxylic acid 
was 4.2 grams. The NMR spectrum was consistent with the proposed 
structure. 

Step C Synthesis of ethyl N-(2-t-butyl-4-ch lorobenzoxazol-7- 
yi)carbamate as an intermediate 

30 This compound was prepared in the manner of Step C, Example 1 , with 
3.0 grams (1 1 .8 mmole) of (2-t-butyl-4-chlorobenzoxazol-7-yl)carboxylic acid, 
40 mL of tetrahydrofuran, 1.21 grams (12 mmole) of 4-methylmorpholine, 
and 1 .3 grams (12 mmole) of ethyl chloroformate as reagents. The yield of 
ethyl N-(2-t-butyi-4-chloroben20xazol-7-yl)carbamate was 2.9 grams. The 

35 NMR spectrum was consistent with the proposed structure. 
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Step D Synthesis of 3-(2-t-butyl-4-chlorobenzoxazol-7-yl)-6-trifluoro- 
methyl-2,4-(1H,3H)pyrimiciinedione as an intemiediate 
This compound was prepared in the manner of Step E, Example 1 , with 
0.65 gram (12.0 mmoie) of sodium methoxide, 45 mL of N.N-dimethyl- 
5 formamide, 2.0 grams (1 1 .0 mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate, 
2.9 grams (9.8 mmole) of ethyl N-(2-t-butyl-4-chlorobenzoxazol-7- 
yl)carbamate, and 1.7 grams (1 1 mmole) of 1,8-diazabicyclo[5.4.0]undec-7- 
ene as reagents. The yield of 3-(2-t-butyM-chlorobenzoxazol-7-yl)-6- 
trifluoromethyl-2,4-(1 H,3H)pyrimidinedione was 2.8 grams. The NMR 
1 0 spectrum was consistent with the proposed structure. 

StepE Synthesis of 3-{2-t-butyU-chlorobenzoxazol-7-yl)-1-methyl-6- 
trifluoromethyl-2 > 4-(1H,3H)pyrimidinedione (Compound 1) 
This compound was prepared in the manner of Step F, Example 1 , with 
2.0 grams (5.2 mmole) of 3-(2-t^iJtyl-4K*ilorobenzoxazol-7-yl)-6-trifluoro- 
1 5 methyl-2,4-(1 H,3H)pyrimidinedione, 1 .1 grams (7.8 mmole) of potassium 
carbonate, 1.1 grams (8 mmole) of iodomethane, and 50 mL of acetone as 
reagents. The yield of 3-(2-t-butyl-4-chlorobenzoxazol-7-yl)-1-methyl-6- 
trifluoromethyl-2 ) 4-(1H,3H)pyrimidinedione, m.p. 146-148 °C, was 1.5 grams. 
The NMR spectrum was consistent with the proposed structure. 

20 

EXAMPLE 3 

SYNTHESIS OF 3-(24-BUTYL-4-CHLOROBENZOXAZOL-7-YL)-1- 
METHYL-5-CHLORO-6-TRIFLUOROMETHYL-2,4- 
(1H,3H)PYRIMIDINEDIONE (COMPOUND 2) 
25 A stirred solution of 0.84 gram (2.1 mmole) of 3-(2-t-buty(-4-chlorobenz- 
oxazo»-7-yl)-1 nrie1hy»-6-trrf}uoromethyl-2,4-(1 H,3H)pyrimidinedione (prepared 
as described in Example 2) in 20 mL of acetic acid had 0.16 gram (1.0 
mmole) of N,N-dichlorourethane added via syringe. Upon completion of the 
addition the clear reaction mixture was stirred for 15 minutes, then one drop 
30 of concentrated hydrochloric acid was added, and the reaction mixture was 
stirred at ambient temperature for 72 hours. After this time the reaction 
mixture was poured into 100 mL of water, and 10 grams of sodium 
carbonate were added. The mixture was extracted with three 50 mL portions 
of methylene chloride. The organic extracts were combined and washed 
35 with one 50 mL portion of an aqueous 5% sodium carbonate solution. The 
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organic layer was dried with sodium sulfate and filtered. The filtrate was 
concentrate under reduced pressure, yielding a pale yellow oil which was 
subjected to column chromatography on silica gel. Elution was accom- 
plished with 9:1 heptane.ethyl acetate, followed by 2:1 heptane:ethyl 
5 acetate. The product-containing fractions were combined and concentrated 
under reduced pressure, yielding 0.57 gram of 3-(2-t-butyl-4-chiorobenzox- 
azok7-ylHHnemy^5K*toro-6-» 

m.p. 83-86 °C. The NMR spectrum was consistent with the proposed 
structure. 

10 

EXAMPLE 4 

SYNTHESIS OF 3-(2-t-BUTYL-4-CHLOROBENZOXAZOL-7-YL)-1- 
AMINO-6-TRIFLUOROMETHYL-2,4-(1H,3H)- 
PYRIMIDINEDIONE (COMPOUND 3) 

15 A stirred solution of 0.5 gram (1 .3 mmole) of 3-{2-t-butyl-4-chlorobenzox- 
azol-7-yl)-6-trifluorometn^ (prepared in Step D, 

Example 2), 0.21 gram (1.5 mmole) of potassium carbonate, and 30 mL of 
N,N-dimethylformamide was heated at 60 °C for 20 minutes, cooled to 
ambient temperature, and 0.30 gram (1.5 mmole) of 0-(2,4-dinitrophenyl)- 

20 hyd roxyt amine was added. Upon completion of the addition the reaction 

mixture was stirred for about 18 hours, then poured into 100 mL of water and 
extracted with three 40 mL portions of methylene chloride. The combined 
organic extracts were dried with magnesium sulfate, filtered, and concen- 
trated under reduced pressure, yielding 0. 3 gram of a yellow oil. The 

25 aqueous layer was neutralized with excess ammonium chloride and 

extracted with two 50 mL portions of ethyl acetate. The combined extracts 
were washed with an aqueous saturated sodium chloride solution. The 
organic layer was dried with magnesium sulfate, filtered, and concentrated 
under reduced pressure, yielding 0.22 gram of a solid. Thin layer chroma- 

30 tography (TIC) indicated that this solid was the starting material, 3-(2-t-butyl- 
4-chlorobenzoxazol-7-yl)-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione. The 
yellow oil was subjected to column chromatography on silica gel. Elution 
was accomplished with 5:1 heptane:ethyl acetate. The product-containing 
fractions were combined and concentrated under reduced pressure, yielding 

35 0.12 gram of 3-(2-t-butyl-4-chlorobenzoxazol-7-yl)-1 -amino-6-trifluoromethyl- 
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2,4-(1H,3H)pyrimidinedione, m.p. 104-106°C. A solution containing the 
recovered 3-{2-t-butyl-4-chlorobenzoxazo^ 

(1H,3H)pyrimidinedione, 1.1 grams of potassium carbonate, 10 mL of N,N- 
dimethylformamide, and 1.1 grams of 0-(2,4-dinitrophenyl)hydroxylamine 
5 was stirred for about 60 hours. After this time the work-up procedure 

described above was repeated, yielding 0.7 gram of solid. Analysis by TLC 
indicated that the solid was 3-(2-t-butyM-chlorobenzoxa2ol-7-yl)-1-amino-6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione, m.p. 104-106 °C. The two 
materials were combined for a yield of 0.8 gram of 3-(2-t-butyl-4- 
1 0 chlorobenzoxazol-7-yl)-1 -amino-6-trifluoromethyl-2,4-(1 H,3H)- 

pyrimidinedione. The NMR spectrum was consistent with the proposed 
structure. 

EXAMPLES 

SYNTHESIS OF 3-(2-t-BUTYL-4-CHLOR(>6-FLUOROBENZOXAZOL- 
15 7-YLH-AMINO-6-TRIFLUOROM 

(COMPOUND 5) 

Step A Synthesis of 1-aminooxysulfonyl-2,4,6-trimethyibenzene as an 
intermediate 

To a stirred solution of 25.0 grams (114 mmole) of 2,4,6-trimethyl- 
20 benzenesulfonyl chloride, 15.2 grams (114 mmole) of t-butyl-N-hydroxy- 
carbamate, and 350 mL of diethyl ether, cooled in an ice bath, was added 
dropwise 1 1 .4 grams (114 mmoie) of triethylamine. Upon completion of the 
addition the reaction mixture was stirred at ambient temperature for about 18 
hours, then filtered, and the filtrate was concentrated under reduced 
25 pressure. The concentrate was taken up in toluene and petroleum ether, 
filtered, and 150 mL of trifluoroacetic arid was added. The reaction mixture 
was stirred for 15 hours in an ice bath, then poured into ice-water, filtered, 
and extracted with diethyl ether. The organic extract was dried with 
magnesium sulfate and filtered. Petroleum ether was added to the filtrate, 
30 and the resulting precipitate was collected by filtration, yielding 14.4 grams of 
1-aminooxysulfonyl-2,4,6-trimethylbenzene- The NMR spectrum was 
consistent with the proposed structure. 

Step B Synthesis of 3-(2-t-butyl-4-chloro-6-fluorobenzoxazol-7-yl)-1 - 
amim>^-trifiuoromethyI-2,4-(1 H,3H)pyrimidinedione 
35 (Compound 5) 
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Under a nitrogen atmosphere a stirred solution of 1.0 gram (2.5 mmole) 
of 3-(2+butyl^hloro^fluorobenzoxazol-7-yl)^trifluoromethyl-2,4- 
(1H,3H)pyrimidinedione (prepared in Example 1, Steps A-E), 0.41 gram (3.0 
mmole) of potassium carbonate, and 50 mL of tetrahydrofuran was cooled in 
5 an ice bath. To this was added 1 .1 grams ( about 5 mmole) of 1 -amino- 
oxysulfonyl-2,4,6-trimethylbenzene . Upon completion of the addition the 
reaction mixture was stirred in the ice bath for ten minutes, then warmed to 
ambient temperature, where it stirred for an additional 1 8 hours. After this 
time the reaction mixture was poured into 150 mL of aqueous 10% ammo- 

1 0 nium chloride solution and extracted with two 75 mL portions of diethyl ether. 
The combined extracts were washed with two 50 mL portions of an aqueous 
saturated sodium chloride solution. The organic layer was dried with 
magnesium sulfate and filtered. The filtrate was concentrated under 
reduced pressure to an oil, which was subjected to column chromatography 

15 on silica gel. Elution was accomplished with 6:1 heptanerethyl acetate. The 
product-containing fractions were combined and concentrated under 
reduced pressure, yielding 0.75 gram of 3-(2-t-butyl-4-chloro-6-fluoro- 
berizoxa^7-yl)-1-amino-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione, m.p. 
90-92 °C. The NMR spectrum was consistent with the proposed structure. 

20 

EXAMPLE 6 

SYNTHESIS OF 3-(2-METHYL-4-CHLORO-6-FLUOROBENZOXAZOL- 
7-YL)-1^ETHYL-6-TRin.UOROMETHYL-2,4-(1H,3H)PYRIMIDINEDIONE 

(COMPOUND 6) 

25 Step A Synthesis of ethyl N-<4-chlorc-2-fluorophenyl)carbamate as an 
intermediate 

A solution of 6.9 grains (47 mmole) of 4-chloro-2-fluoroaniline in 75 mL 
of pyridine was stirred and cooled in an ice bath. During 15 minutes, 5.4 
grams (50 mmole) of ethyl chloroformate was added dropwise. Upon 

30 completion of the addition the reaction mixture was heated at 60-70 °C for 
1.5 hours, then concentrated under reduced pressure to a residue. The 
residue was stirred with 150 mL of aqueous 3 N hydrochloric acid, and the 
resulting precipitate was collected by filtration. The precipitate was washed 
with aqueous 3 N hydrochloric acid and then with water. The precipitate was 

35 dried under ambient conditions for about 1 8 hours, then dried under vacuum 
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for two hours, yielding 9.6 grams of ethyl N-(4-chloro-2-fluoro- 
phenyl)carbamate. The NMR spectrum was consistent with the proposed 
structure. 

Step B Synthesis of 3-(4^hloro-2-fluorophenyl)-6-trifluoromethyl-2,4- 
5 (1 H,3H)pyrimidinedione as an intermediate 

This compound was prepared in a manner analogous to Step E, 
Example 1 with 1.1 grams (20 mmole) of sodium methoxide, 45 mL of N,N- 
dimethylformamide, 3.7 grams (20 mmole) of ethyl 3-amino-4,4,4-trifluoro- 
crotonate, 3.8 grams (17.5 mmole) of ethyl N-(4-chloro-2-fluorophenyl)car- 

1 0 bamate, and 3.0 grams (20 mmole) of 1 ,8-diazabicyclo[5.4.0]undec-7-ene as 
reagents. This reaction differed in that the reaction mixture was heated at 
1 05 °C for four hours rather than 120-125 °C for 24 hours. The yield of 3-(4- 
chlorcn2-fluorophenyl)-6-triflu was 4.0 

grams. The NMR spectrum was consistent with the proposed structure. 

1 5 Step C Synthesis of 3-(4-chloro-2-fluorophenyl)-1 -methyl-6-trifluoro- 
methyl-2,4~(1H,3H)pyrimidinedione as an intermediate 
This compound was prepared in the manner of Step F, Example 1 with 
4.0 grams (13.2 mmole) of 3-(4-chloro-2-fluorophenyl)-^trifluoromethyl-2,4- 
(1H,3H)pyrirnidinedione, 4.2 grams (30 mmole) of potassium carbonate, 4.3 

20 grams (30 mmole) of iodomethane, and 55 mL of acetone as reagents. The 
yield of 3-(4-chloro-2-fluorophenylH-^^ H.3H)- 
pyrimidinedione was 3.0 grams. The NMR spectrum was consistent with the 
proposed structure. 

Step D Synthesis of 3^4-chtoro-2-fluoro-5niitrophenyl)-1 -methyl-6- 
25 trifluoromethyt-2,4~(1 H,3H)pyrimidinedione as an intermediate 

A solution of 3.0 grams (9.4 mmoie) of 3-(4-chloro-2-fluorophenyl)-1- 
methyi-&-trifluoromethyl-2,4-(1 H,3H)pyrimrdinedione in 30 mL of concentra- 
ted sulfuric acid was stirred and cooled in an ice bath. During 15 minutes, 
0.75 mL (12 mmole) of aqueous 70% nitric add was added dropwise, after 
30 which the reaction mixture was allowed to warm to ambient temperature, 
where it stirred for two hours. The reaction mixture was then poured into 
150 mL of ice-water. The resulting precipitate was collected by filtration, 
washed with water, and dried under reduced pressure, yielding 3.0 grams of 
3-(4-chloro-2-fluoro-5-nitrophenyl)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)- 
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pyrimidinedione. The NMR spectrum was consistent with the proposed 
structure. 

Step E Synthesis of 3-(5-amino-4-chloro-2-fluorophenyl)-1 -methyl-6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione as an 
5 intermediate 

Under a nitrogen atmosphere a solution of 3.0 grams (8.2 mmole) of 3- 
(4-chloio-2-fluoro-5-nitrophen^^ H,3H)- 
pyrimidinedione, and 20 ml_ of acetic acid in 80 mL of ethanol was stirred, 
and 1.8 grams (32 mmole) of iron powder was added. The reaction mixture 
10 was then heated under reflux for one hour, after which analysis by thin layer 
chromatography (TIC) indicated that the reaction was complete. The 
reaction mixture was concentrated under reduced pressure. The concen- 
trate was then taken up in 50 mL of aqueous 5% sodium bicarbonate 
solution and 100 mL of ethyl acetate. The mixture was filtered through 
1 5 diatomaceous earth, and the filter cake was washed with 20 mL of water and 
three 50 mL portions of ethyl acetate. The filtrate was placed in a separatory 
funnel and 100 mL of aqueous 5% sodium bicarbonate solution was added. 
The aqueous phase was separated and the organic phase was washed with 
50 mL of aqueous saturated sodium bicarbonate solution, then with 50 mL of 
20 aqueous saturated sodium chloride solution. The organic layer was dried 
with magnesium sulfate and filtered. The filtrate was concentrated under 
reduced pressure, yielding 2.6 grams of 3-(5-amino-4-chtoro-2-fluorophenyl)- 
lHTiethyl-6-trifluoromem^ The NMR spectrum 

was consistent with the proposed structure. 
25 Step F Synthesis of 3-(5-azkio-4-chloro-2-fiuorophenyl)-1-rnethyJ-6- 
trffluoromethy»-2 > 4-(1 H,3H)pyrimidinedione as an intermediate 
A stirred solution of 6.0 mL of concentrated sulfuric acid and 15 mL of 
water was cooled to 5 °C in an ice bath. To this was added 1.6 grams (4.7 
mmole) of 3-(5-amino-4-chloro-2-fluoro^ 
30 2,4-(1 H,3H)pyrimidinedione. Over a period of 1 0 minutes a solution of 0.36 
gram (5.2 mmole) of sodium nitrite in 5.0 mL of water was added dropwise at 
a rate to maintain the reaction mixture temperature below 1 0 °C. Upon 
completion of the addition the reaction mixture was stirred for 40 minutes at 
about 5 to 10 °C. A solution of 0.37 gram (5.6 mmole) of sodium azide in 5.0 
35 mL of water was then added during a 20 minute period at a rate to maintain 
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the reaction mixture temperature below 10 °C. The reaction mixture was 
then stirred for 20 minutes and poured into 1 50 mL of water. The resulting 
precipitate was filtered, washed with water, and dried at ambient conditions 
for about 1 8 hours, then at 65 °C for 6 hours under vacuum. Thie yield of 3- 
5 (5-azido-4-chloro-2-fluorophenyl)-1 -methyl-6-trifluoromethyl-2,4- 

(1H,3H)pyrimidinedione was about 1.8 grams. The NMR spectrum was 
consistent with the proposed structure. 

Step G Synthesis of 3-(2nrnethyl-^hloro-6-fluorobenzoxazol-7-yl)-1 - 
methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione 

10 (Compound 6) 

Under a nitrogen atmosphere a stirred solution of 4.0 grams (28 mmole) 
of phosphorus pentoxide and 10 mL (47 mmole) of hexamethyldisiloxane 
was heated at 90 °C for 30 minutes. To this was added dropwise during a 
5.0 minute period a solution of 0.80 gram (2.2 mmole) of 3-(5-azido-4-chloro- 

15 2-fluorophenylH^ethyl^trifluo in 5.0 

mL of acetic acid. Upon completion of the addition the reaction mixture was 
heated at reflux for 5.0 hours, cooled to ambient temperature, and poured 
into 50 mL of water. The reaction mixture was extracted with three 25 mL 
portions of ethyl acetate. The combined extracts were washed with 50 mL of 

20 aqueous saturated sodium bicarbonate solution and 50 mL of aqueous 
saturated sodium chloride solution. The organic layer was dried with 
magnesium sulfate and filtered. The filtrate was concentrated under 
reduced pressure, yielding 0.7 gram of a residual oil, which was subjected to 
column chromatography on silica gel. Elution was accomplished with 3:1 

25 heptanerethyi acetate. The product-containing fractions were combined and 
concentrated under reduced pressure, yielding 0.40 gram of an oily white 
solid, 3-(2-methyM^loro-6^uorobenzoxazol-7-y1 -methyt-6-trifluoro- 
methyl-2 > 4^1H,3H)pyrimicfinedione, m.p. 64-66 °C. The NMR spectrum was 
consistent with the proposed structure. 

30 

EXAMPLE 7 

SYNTHESIS OF 3-(2-CHLOR06-FLUOROBENZOTHIAZOL-7-YL)-1- 
METHYL^TRIH.UOROMETHYL-2,4-(1H,3H)PYRIMIDINEDIONE 

(COMPOUND 10) 
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Step A Synthesis of 2-chloro-6-fluoro-7-hitrobenzothiazoIe as an 
intermediate 

This compound was prepared in the manner of Step D, Example 6, with 
5.0 grams (26.6 mmole) of 2-chIoro-6-fluorobenzothiazole, 20 mL of concen- 
5 trated sulfuric acid, and 2.0 mL (35 mmole) of concentrated nitric acid as 
reagents. This procedure differed in that the reaction mixture was neutra- 
lized with 20 mL of concentrated ammonium hydroxide before the precipitate 
was filtered. The yield of 2-chloro^-fluoro-7-nitrobenzothiazole was 4.4 
grams. The NMR spectrum was consistent with the proposed structure. 
1 0 Step B Synthesis of 7-amino-2-chloro-6-fluorobenzothiazole as an 
intermediate 

This compound was prepared in the manner of Step E, Example 6, with 
4.2 grams (18 mmole) of 2-chloro-6-fluoro-7-nitrobenzothiazole > 4.0 grams 
(72 mmole) of iron powder, 10 mL of acetic acid, 100 mL of ethanol, and 2 
15 mL (24 mmole) of concentrated hydrochloric acid as reagents. The yield of 
7-amino-2-chloro-6-fluorobenzothiazole was 2.7 grams. The NMR spectrum 
was consistent with the proposed structure. 

Step C Synthesis of ethyl N-(2-chtoro-6-fluorobenzothiazol-7-yl) 
carbamate as an intermediate 
Under a nitrogen atmosphere 20 mL of pyridine was stirred, and 2.7 
grams (25 mmole) of ethyl chloroformate was added via syringe. Upon 
completion of the addition the reaction mixture was stirred for 15 minutes. 
To this was then added a solution of 2.6 grams (12.8 mmole) of 7-amino-2- 
chloro-6-fluorobenzothiazole in 30 mL pyridine dropwise during a 15 minute 
period. The reaction mixture was warmed to ambient temperature, where it 
stirred for one hour, after which the reaction mixture was poured into 200 mL 
of 1 N aqueous hydrochloric acid. The resulting precipitate was collected by 
filtration, washed with water, and dried under reduced pressure. The yield of 
ethyl N^2<htoro-6-fluorobera^ was 2.8 grams. The 

NMR spectrum was consistent with the proposed structure. 
Step D Synthesis of 3-(2-chloro-6-fluorobenzothiazol-7-yl)-6-trifluoro- 
methyl-2,4-(1H,3H)pyrimidinedione as an intermediate 
This compound was prepared in the manner of Step E, Example 1 , with 
2.8 grams (10 mmole) of ethyl N-(2-chloro-6-fluorobenzothiazol-7-yl)car- 
bamate, Z2 grams (12 mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate, 0.6 
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gram (1 1 mmole) of sodium methoxide, 30 mL of N,N-dimethylformamide, 
and 1 mL (7.3 mmole) of 1,8-diazabicycIo[5.4.0]undec-7-ene as reagents. 
The yield of 3-(2^hloro^fluorobenzomia2ol-7-yl)-6-trifiuoromethyl-2,4- 
(1H,3H)pyrimidinedione was 2.2 grams. The NMR spectaim was consistent 
5 with the proposed structure. 

Step E Synthesis of 3-(2-chloro-6-fluoroben20thiazol-7-yl)-1 -methyl- 6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione (Compound 10) 

This compound was prepared in the manner of Step F, the alternate 
method, Example 1, with 2.2 grams (6.0 mmole) of 3-(2-chloro-6-fluoro- 

10 beruomiaiol-7-yl)-6-tn^uoromemyl-2,4-(1H,3H)pyrimidinedione, 1.4 grams 
(10 mmole) of potassium carbonate, 1.4 grams (10 mmole) of iodomethane, 
and 50 mL of acetone as reagents. The yield of 3-(2-chloro-6- 
fluorobenzothiazol-7-yl)-1-methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidine- 
dione was 1.3 grams, m.p. 69-71 °C. The NMR spectrum was consistent 

1 5 with the proposed structure. 

EXAMPLE 8 

SYNTHESIS OF 3-(2-CHLORO-6-FLUOROBENZOTHIAZOL-7-YL)-1- 
METHYL-5-CHLORO-6-TRIFLUOROMETHYL-2,4-(1 H.3H)- 
20 PYRIMIDINEDIONE (COMPOUND 11) 

Under a nitrogen atmosphere a stirred solution of 0.6 gram of (1 .5 
mmole) of 3-(2-chloro-6-fluorobenzomiaz^ 

2,4-(1H,3H)pyrimidinedione (prepared by way of Example 7), 054 gram (1 .8 
mmole) of N-chtorosuccinimide, 15 mL of N.N-dimethylformamide, and 0.1 

25 mL acetic acid was heated at 65 °C for 24 hours. After this time the reaction 
mixture was cooled to ambient temperature and poured into 150 mL of 
aqueous 5% sodium bicarbonate. To this was added 1 0 grams of solid 
lithium chloride. The reaction mixture was then stirred for ten minutes. The 
resulting precipitate was collected by filtration and dried to give 0.42 gram of 

30 a white solid, which was purified by column chromatography on silica gel. 
Elution was accomplished using 6:1 hexane:ethyl acetate. The product- 
containing fractions were combined and concentrated under reduced 
pressure, yielding 0.26 gram of 3-(2-chloro-6-fluorobenzothiazol-7-yl)-l- 
methvl-5-chloro-6-trifluoromem^ m.p. 81-83 °C. 

35 The NMR spectrum indicated that the material was 3-(2-chloro-6-fluon> 
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benzothiazok7-yl)-1-m^ 

dinedione rather than 3-(2,4<lichloix)^fluorobenzothiazol-7-yl)-1^ethyl-6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione. 

5 EXAMPLE 9 

SYNTHESIS OF3^2-METHYLTHICM-CHLOROBENZOTHIAZOL-7- 
YL)-1 -METHYL-6-TRIFLUOROMETHYL-2,4-(1 H,3H)- 
PYRIMIDINEDIONE (COMPOUND 8) 
Step A Synthesis of 7-amino-2-methylthio-4-chloroben20thiazole as an 

10 intermediate 

Under a nitrogen atmosphere a stirred solution of 0.88 gram (4 mmole) 
of 7-amino-2 f 4-dichlorobenzothiazo!e, 1 .2 grams (17 mmole) of sodium 
thiomethoxide, and 25 mL of N,N-dimethylformamide was heated at 60 °C 
for two hours. The reaction mixture was cooled, poured into 150 mL of cold 

15 5% sodium bicarbonate, and 50 mL of saturated sodium chloride solution 
was added. The resulting precipitate was filtered and vaccuum dried, 
yielding 0.8 grams of a yellow green solid. NMR analysis indicated this 
material was half 7-amino-2,4-dichloroben20thiazole starting material and 
half the desired product 7-amino-2-methylthio-4-chloroben20thiazole. 

20 The reaction was repeated with 2.3 grams (1 0.5 mmole) of 7-amino-2,4- 
dichlorobenzothiazole, 1 .2 grams (17 mmole) of sodium thiomethoxide, and 
25 mL of N,N-dimethytformamide as reagents. After the reaction mixture 
had been heated for two hours at 60 °C the 0.8 grams from the previous 
reaction was added, and the reaction mixture was heated for an additional 

25 three hours. The reaction mixture was cooled and poured into 300 mL of 
cold aqueous sodium bicarbonate solution. To this was then added 10 
grams of solid lithium chloride. The reaction mixture was extracted with 
three 100 mL portions of diethyl ether. The combined organic extracts were 
washed with an aqueous saturated sodium chloride solution. The organic 

30 layer was dried with sodium sulfate, filtered, and concentrated under 
reduced pressure, yielding 2.0 grams of 7-amino-2-methylthio-4-chloro- 
benzothiazole. The NMR spectrum was consistent with the proposed 
structure. 

Step B Synthesis of ethyl N-(2-methyfthio-4-chlorobenzothiazol-7-yl) 
35 carbamate as an intermediate 
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This compound was prepared in the manner of Step C, Example 7, with 
2.0 grams (8.7 mmole) of 7-amino-2-methylthio-4-chlorobenzothiazole, 40 
mL pyridine, and 1 .84 grams (17 mmole) of ethyl chloroformate as reagents. 
The yield of ethyl N-(2nTtethylthio-4^loiTobenzoM was 
5 2.4 grams. The NMR spectrum was consistent with the proposed structure. 
Step C Synthesis of 3-(2-methylthio-4-chlorobenzothiazol-7-yl)-6- 

trifluoromethyl-2 f 4-(1H,3H)pyrimidinedione as an intermediate 
This compound was prepared in the manner of Step E, Example 1 , with 
1.8 grams (5.9 mmole) of ethyl N-(2-methylthio-4-chlorobenzothiazol-7-yl)- 
1 0 carbamate, 1 .3 grams (7.0 mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate, 
0.35 gram (6.5 mmole) of sodium methoxide, 25 mL of N,N-dimethylform- 
amide, and 0.76 gram (5 mmole) of 1 ,8-diazabicyclo[5.4.0]undec-7-ene as 
reagents. The yield of 3-(2-methylthio-4-chlorobenzothiazol-7-yl)-6-trifluoro- 
methyl-2,4-(1H,3H)p^imidinedione was 0.9 gram. The NMR spectrum was 
1 5 consistent with the proposed structure. 

Step D Synthesis of 3-(2-methylthio-4-chlorobenzothiazol-7-yl)-1 - 
methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione 
(Compound 8) 

This compound was prepared in the manner of Step F, the alternative 
20 method, Example 1 f with 0.90 gram (2.3 mmole) of 3-(2-methylthio-4-chloro- 
benzothiazol-7-yi)^trifluoromethyl-2,4-(1H,3H)pyrimidinedione, 0.48 gram 
(3.5 mmole) of potassium carbonate, 0.50 gram (3.5 mmole) of 
iodomethane, and 20 mL of acetone as reagents. The yield of 3-(2- 
methytthio-4-chlorobenzoth iazol-7-yl)-1 nnethyl-6-trifluoromethyl-2,4- 
25 (1 H,3H)pyrimidinedione was 0.6 gram, m.p. 79-81 °C. The NMR spectrum 
was consistent with the proposed structure. 

EXAMPLE 10 

SYNTHESIS OF 3^(4-METHOXY-2,6-DICHLOROBENZOTHIAZOL-7- 
30 YLH-METHYL-6-TRIFLUOROMETHYL-2,4-(1 H,3H)- 

PYRIMIDINEDIONE (COMPOUND 18) 
Step A Synthesis of 2,6-dichloro-7-nitrobenzothiazole as an 
intermediate 

This compound was prepared in the manner of Step D, Example 6, with 
35 8.0 grams (39 mmole) of 2,6-dichlorobenzothiazole, 45 mL of concentrated 
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sulfuric acid, and 3,8 mL (60 mmole) of concentrated nitric acid as reagents. 
The material was purified by column chromatography on silica gel. Elution 
was accomplished with 3:1 heptanerethyl acetate. The product-containing 
fractions were combined and concentrated under reduced pressure, yielding 
5 2,6-dichloro-7-nitrobenzothiazole. The NMR spectrum was consistent with 
the proposed structure. 

Step B Synthesis of 7-amino-2,6-dichlorobenzothiazole as an 
intermediate 

This compound was prepared in the manner of Step E, Example 6, with 
10 9.5 grams (33 mmole) of 2,6-dichloro-7-nitrobenzothia2ole, 4.5 grams (80 
mmole) of iron powder, 30 mL of acetic acid, 150 mL of ethanol, and 3.3 mL 
(40 mmole) of concentrated hydrochloric acid as reagents. The yield of 7- 
amino-2,6-dichk>robenzothiazole was 6.0 grams. The NMR spectrum was 
consistent with the proposed structure. 
1 5 Step C Synthesis of 7-amino-2,4,6-trichlorobenzothiazole as an 
intermediate 

Under a nitrogen atmosphere a solution of 6.0 grams (27 mmole) of 7- 
amino-2,6-dichlorobenzothiazole in 75 mL of N,N-dimethylformamide was 
stirred and cooled in an ice bath. To this was then added 4.3 grams (32 

20 mmole) of N-chlorosuccinimide. Upon completion of the addition the 
reaction mixture was stirred for 20 minutes and then warmed to ambient 
temperature and stirred for an additional 18 hours. After this time the 
reaction mixture was poured into 250 mL of ice-water, and about 15 grams 
of lithium chloride was added, after which the reaction mixture was stirred for 

25 30 minutes. The resulting precipitate was collected by filtration and dried 
under reduced pressure, yielding a dark solid, which was purified by column 
chromatography on silica gel. Elution was accomplished with 4:1 
hexane:ethyl acetate. The product-containing fractions were combined and 
concentrated under reduced pressure, yielding 4.4 grams of 7-amino-2,4,6- 

30 trichlorobenzothiazde. The NMR spectrum was consistent with the 
proposed structure. 

Step D Synthesis of (2,4,6-trichlorobenzothiazol-7-yl)isocyanate as an 
intermediate 

Under a nitrogen atmosphere 25 mL of ethyl acetate was stirred and 
35 cooled in an ice bath. To this was added via syringe 9.5 mL (1 8 mmole) of 
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1 .9 M phosgene in toluene. During 25 minutes, a solution of 3.0 grams (1 1 .8 
mmole) of 7-amino-2,4,6-trichlorobenzothiazole in 75 mL of ethyl acetate 
was added dropwise. Upon completion of the addition the reaction mixture 
was warmed to ambient temperature and then gently heated at reflux for 2.5 
5 hours. After this time the reaction mixture was concentrated under reduced 
pressure, yielding (2,4,&-trichlorobenzothiazol-7-yl)isocyanate, which was 
stored in a refrigerator. 

Step E Synthesis of 3-(2,4,6-trichlorobenzothiazol-7-yl)^tiifluoro- 
methyl-2,4-(1H,3H)pyrimidinedione as an intermediate 

10 This compound was prepared in the manner of Step E, Example 1 , with 
2.5 grams (8.9 mmole) of (2,4,6-trichlorobenzothiazol-7-yl)isocyahate f 1.8 
grams (10 mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate, 0.59 gram (1 1 
mmole) of sodium methoxide, 50 mL of N,N-dimethylformamide, and 1.5 
grams (9 mmole) of 1 ,8-diazabicyclo[5.4.0]undec-7-ene as reagents. The 

1 5 yield of 3-(2,4,6-trichlorobenzothiazol-7-yl)^trifluoromethyl-2,4-(1 H,3H)- 
pyrimidinedione was 0.8 gram. The NMR spectrum was consistent with the 
proposed structure. 

Step F Synthesis of 3-(4nriethoxy-2 l 6^ichloroben20thia20l-7-yl)-1 - 
methyl^trifluoromethyl-2 l 4-(1H l 3H)pyrimidinedione 

20 (45Compound 18) 

This compound was prepared in the manner of Step F, the alternative 
method, Example 1 , with 0.70 gram (1 .8 mmole) of 3-(2,4,6-trichlorobenzo- 
thiazol-7-yl)^trffluoromethyl-2A(1H,3H)pyrimidinedione, 0.5 gram (3.6 
mmole) of potassium carbonate, 0.51 gram (3.6 mmole) of bdomethane, 

25 and 30 mL of acetone as reagents. The yield of 3-(4-methoxy-2,6-dichloro- 
benzothiazol-7-y!)-1 nmethyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione 
was 0.3 gram, m.p. 185-187 °C. The NMR spectrum indicated that the 
material was 3-(4-methoxy-2,6-dich!orobenzothiazol-7-yl)-1 -methyl-6- 
trifluoromethyk2,4^1H,3H)pyrimidinedione rather than 3-(2,4,6-trichloro- 

30 benzothiazol-7-yI)-1 -methyl-6-trifluoromethyl-2 f 4-(1 H,3H)pyrimidinedione, 
which was the intended compound. 
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EXAMPLE 11 

SYNTHESIS OF 3-(2-METHYL-4-CHLORO-6-FLUOROBENZO- 
THIAZOL-7.YL).1-METHYL-6-TRIFLUOROMETHYL-2 ( 4-(1H,3H)- 
PYRI MIDINEDIONE (COMPOUND 1 2) 
5 Step A Synthesis of 2-methyl-6-fluoro-7-nitrobenzothiazole as an 
intermediate 

This compound was prepared in the manner of Step D, Example 6, with 
9.3 grams (55 mmole) of 2-methyl-6-fluorobenzothiazole, 50 mL of 
concentrated sulfuric acid, and 4.2 mL (67 mmole) of concentrated nitric acid 

1 0 as reagents. The material was purified by column chromatography on silica 
gel. Elution was accomplished with 3:1 heptanerethyl acetate. The product- 
containing fractions wens combined and concentrated under reduced 
pressure. The yield of 2-methyl-6-fluoro-7-nitrobenzothiazole was 5.7 
grams. The NMR spectrum was consistent with the proposed structure. 

15 Step B Synthesis of 7-amino-2-methyl-6-fluorobenzothiazole as an 
intermediate 

This compound was prepared in the manner of Step E, Example 6, with 
7.0 grams (33 mmole) of 2-methyl-6-fluoro-7-nitrobenzothiazole, 7.0 grams 
(125 mmole) of iron powder, 30 mL of acetic acid, and 75 mL of ethanol as 

20 reagents. The yield of 7-amino-2-methyl-6-fluorobenzothiazole was 5.1 
grams. The NMR spectrum was consistent with the proposed structure. 
Step C Synthesis of ethyl N-(2-methyl-6-fluorobenzothiazol-7-yl) 
carbamate as an intermediate 
This compound was prepared in the manner of Step C, Example 7, with 

25 5.0 grams (27 mmole) of 7-amino-2-methyl-6-fluorobenzothiazole, 50 mL 
pyridine, and 5.4 grams (50 mmole) of ethyl chloroformate as reagents. This 
preparation differs in that the ethyl chloroformate was added to the 7-amino- 
2-methyl-6-fluorobenzothiazole /pyridine solution rather than the 7-amino-2- 
methyl-6-fluorobenzothiazole /pyridine solution being added to the ethyl 

30 chloroformate. The material was purified by recrystallization from 5:1 
petroleum ether and chloroform. The yield of ethyl N-(2-methyl-6-fluoro- 
benzothiazol-7-yl)carbamate was 3.5 grams, m.p. 132-134 °C. The NMR 
spectrum was consistent with the proposed structure. 
Step D Synthesis of ethyl N-(2nTtethyl-4-chloro-6-fluorobenzothiazol-7- 

35 yQcarbamate as an intermediate 
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This compound was prepared in the manner of Step D, Example 1 , with 
2.5 grams (9.8 mmole) of ethyl N-(2-methyl-6-fluorobenzothiazol-7-yl)car- 
bamate, 1.6 grams (10 mmole) of N,N-dichlorourethane, 0.17 mL (2.0 
mmole) of concentrated hydrochloric acid, and 35 mL of acetic acid as 
5 reagents. The yield of ethyl N-(2-methyl-4-chloro-6-fluorobenzothiazol-7- 
yl)carbamate was 2.2 grams, m.p. 167-169 °C. The NMR spectrum was 
consistent with the proposed structure. 

Step E Synthesis of 3-(2-methyl-4-chloro-6-fluorobenzothiazol-7-yl)-6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione as an intermediate 

1 0 This compound was prepared in the manner of Step E f Example 1 , with 
1.8 grams (6.2 mmole) of ethyl N-(2-methyl-4-chloro-6-fluorobenzothiazol-7- 
yl)carbamate, 1.25 grams (6.8 mmole) of ethyl 3-amino-4,4,4-trifluoro- 
crotonate, 0.35 gram (6.5 mmole) of sodium methoxide, 50 mL of N,N- 
dimethylformamide, and 0.94 gram (6.2 mmole) of 1,8-diazabicyclo[5.4.0]- 

15 undec-7-ene as reagents. The yield of 3-(2-methyM-chloro-6-fluorobenzo- 
thiazol-7-yl)-6-trifluoromethyl-2 > 4-(1 H,3H)pyrimidinedione was 1.25 grams. 
The NMR spectrum was consistent with the proposed structure. 
Step F Synthesis of 3-(2-methyl-4-chloro-6-fluorobenzbthiazol-7-yl)-1 - 
n^thyl^trifluoromethyl-2,4--(1H,3H)pyrimidinedione 

20 (Compound 12) 

This compound was prepared in the manner of Step F, Example 1, with 
0.55 gram (1.4 mmole) of 3-(2-methyl-4-chloro-6-fl^ 
trifluoromethyl-2 f 4^1H£^ 0.34 gram (2.5 mmole) of 

potassium carbonate, 0.35 gram (2.5 mmole) of iodomethane, and 25 mL of 

25 acetone as reagents. The yield of 3-(2-methyl-4-chloro-6-fluo 

7-y0-1-methylr64rifluoro was 0.45 gram, 

m.p. 83-85 °C. The NMR spectrum was consistent with the proposed 
structure. 

30 EXAMPLE 12 

SYNTHESIS OF 3-[2-(1-PIPERIDINYL)-4-CHLORO-6-FLUORO- 
BENZOTHIAZOL-7-YLJ-1-METHYL-6-TRIFLUOROMETHYL-2,4- 
(1H,3H)PYRIMIDINEDIONE (COMPOUND 15) 
Step A Synthesis of ethyl N-(2,4Klichloro-6-fluorobenzothiazol-7-yl) 
35 carbamate as an intermediate 
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This compound was prepared in the manner of Step D, Example 1, with 
3.6 grams (13.1 mmole) of ethyl N-(2-chloro-6-fluorobenzothiazol-7-yl)car- 
bamate (prepared as in Steps A-D, Example 7), 2.2 grams (14.0 mmole) of 
N,N-dichlorourethane, 0.17 mL (2.0 mmole) of concentrated hydrochloric 
acid, and 100 mL of acetic acid as reagents. The yield of ethyl N-(2,4- 
dichloro-6-fluorobenzothiazol-7-yl)carbamatewas3.1 grams. The NMR 
spectrum was consistent with the proposed structure. 
Step B Synthesis of ethyl N-[2-(1 -piperidinyl)-4-chloro-6-fluorobenzo- 

thiazol-7-yl]carbamate as an intermediate 
Under a nitrogen atmosphere a solution of 3.0 grams (9.7 mmole) of 
ethyl N-(2,4-dichloro-6-fluorobenzothiazol-7-yl)carbamate in 75 mL of tetra- 
hydrofuran was stirred, and 1.7 grams (20 mmole) of piperidine was added. 
Upon completion of the addition the reaction mixture was stirred for 1 .5 
hours at ambient temperature. The reaction mixture was then poured into a 
mixture of 75 mL of aqueous 10% ammonium chloride and 75 mL of an 
aqueous saturated sodium chloride solution. The resulting mixture was 
extracted with three 75 mL portions of ethyl acetate. The combined extracts 
were washed with two 50 mL portions of an aqueous saturated sodium 
chloride solution. The organic layer was dried with sodium sulfate, filtered, 
and the filtrate was concentrated under reduced pressure, yielding a brown 
solid, which was purified by column chromatography on silica gel. Elutiori 
was accomplished with 2:1 heptanerethyl acetate. The product-containing 
fractions were combined and concentrated, yielding 2.6 grams of ethyl N-[2- 
(1-piperidinyl)-4-chloro-6-fluorobenzothiazol-7-yl]carbamate. The NMR 
spectrum was consistent with the proposed structure. 
Step C Synthesis of 3-[2-(1-piperidinyl)-4-chloro-6-fluorobenzothiazol- 

7-yl]-6-trifluoromethyl-2,4-(1H,3H)pyrimidinedione as an 

intermediate 

This compound was prepared in the manner of Step E, Example 1 , with 
2.3. grams (6.1 mmole) of ethyl N-[2-(1-piperidinyl)-4-chloro-6-fluorobenzo- 
thiazol-7-yQcarbamate, 1.3 grams (7.0 mmole) of ethyl 3-amino-4,4,4-tri- 
fluorocrotonate, 0.38 gram (7.0 mmole) of sodium methoxide, 50 mL of N.N- 
dimethyrformamide, and 0.93 gram (6.1 mmole) of 1 ,8-diazabicyclo[5.4.0]un- 
dec-7-ene as reagents. The yield of 3-[2-(1-piperidinyl)-4-chloro-6- 
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fluorobenzothiazol-7-yl]-6-trifluoromethyl-2 t 4-(1 H.SHJpyrimidinedione was 
0.75 gram. The NMR spectrum was consistent with the proposed structure. 
Step D Synthesis of 3-[2-(1 -piperidinylH-chloro-6-fluorobenzothiazol- 
7-yl]-1 •methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione 
5 (Compound 15) 

This compound was prepared in the manner of Step F, the alternative 
method, Example 1 , with 0.7 gram (1 .6 mmole) of 3-[2-(1-piperidinyl)-4- 
chloro^fluorobenzothia^ 

dione, 0.41 gram (3.0 mmole) of potassium carbonate, 0.43 gram (3.0 
10 mmole) of iodomethane, and 45 mL of acetone as reagents. The yield of 3- 
[2-(1 -piperidinyl)-4-chioro-6-fluorobenzothiazol-7-yl]-1 -methyl-6-trifluoro- 
methyl-2,4-(1 H,3H)pyrimidinedione was 0.5 gram. The NMR spectrum was 
consistent with the proposed structure. 

15 EXAMPLE 13 

SYNTHESIS OF 3-[2-(1-PIPERIDINYL)-4-CHLOROBENZOTHIAZOL-7- 
YLJ-1 -METHYL-6-TRIFLUOROMETHYL-2,4-(1 H,3H)- 
PYRIMIDINEDIONE (COMPOUND 9) 
Step A Synthesis of 2-(1 -piperidinyl)-4-chloro-7-n'rtrobenzothiazole as 

20 an intermediate 

Under a nitrogen atmosphere a solution of 1 .7 grams (6.8 mmole) of 2,4- 
dichloro-7-nitrobenzothiazole in 150 mL of diethyl ether was stirred as 1 .2 
grams (13.7 mmole) of piperidine was added via syringe over a ten minute 
period. The reaction mixture, which had spontaneously warmed, was cooled 

25 with ice-water to ambient temperature, where it stirred for 40 minutes. The 
resulting precipitate was collected by filtration and washed with 50 mL of 
ethyl acetate. The filtrate was washed with aqueous 0.1 N hydrochloric acid 
and two 50 mL portions of water. The organic layer was dried with sodium 
sulfate, filtered, and concentrated under reduced pressure, yielding a bright 

30 yellow-orange solid, which was combined with a material prepared by a 
similar route and purified by column chromatography on silica gel. Elution 
was accomplished with 7:1 followed by 5:1 hexane:ethyl acetate. The 
product-containing fractions were combined and concentrated under 
reduced pressure, yielding 1 .3 grams of 2-(1-piperidinyl)-4-chloro-7-nitro- 
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benzothiazole. The NMR spectaim was consistent with the proposed 
structure. 

Step B Synthesis of 7-amino-2-(1 -piperidinyl)-4-chlorobenzothiazole 
as an intermediate 

5 This compound was prepared in the manner of Step E, Example 6, with 

1.2 grams (4.0 mmole) of 2-{1-piperidinyl)-4-chloro-7-nitroben20thiazole, 
0.89 gram (16.0 mmole) of iron powder, 0.33 mL (4 mmole) of concentrated 
hydrochloric acid , 2 mL of acetic acid, and 50 mL of ethanol as reagents. 
The yield of 7-amino-2-(1-piperidinyl)-4^hlorobenzothia2ole was 1.1 grams. 

1 0 The NMR spectrum was consistent with the proposed structure. 

Step C Synthesis of ethyl N-[2-(1 -piperidinyl)-4-chlorobenzothiazol-7- 
yl]carbamate as an intermediate 
This compound was prepared in the manner of Step C, Example 7, with 
1.0 gram (3.7 mmole) of 7-amino-2-(1-piperidinyl)-4-chlorobenzothiazole, 20 
15 mL pyridine, and 0.76 gram (7.0 mmole) of ethyl chloroformate as reagents. 
The yield of ethyl N^2-(1^iperidinyl)w^iorobenzothiazol-7-yl]carbamate 
was 1 .6 grams. The NMR spectrum was consistent with the proposed 
structure. 

Step D Synthesis of 3-[2-(1 -piperidinyl)-4-chlorobenzothiazol-7-yl]-6- 
20 trifluoromethyh2,4-(1 H,3H)pyrimidinedione as an intermediate 

This compound was prepared in the manner of Step E, Example 1, with 

1.3 grams (3.8 mmole) of ethyl N-[2-(1-piperidinyl)-4-chlorobenzothiazol-7- 
yOcarbamate, 0.77 gram (4.2 mmole) of ethyl 3-amino-4,4,4-trifluorocro- 
tonate, 0.22 gram (4.1 mmole) of sodium methoxide, 25 mL of N,N-dimeth- 

25 yfformamide, and 0.5 mL (3.3 mmole) of 1 ,8-diazabicyclo[5.4.0]undec-7-ene 
as reagents. The yield of 3-[2-(1-piperidinyl)^hlorobenzothiazol-7-yll-6- 
trifluoromethyf-2,4-(1H,3H)pyrimidinedione was 0.68 gram. The NMR 
spectrum was consistent with the proposed structure. 
Step E Synthesis of 3^2^1^>iperidinyl)-4^lordbenzothiazol-7-yll-1 - 

30 methyl^trifluoromethyl-2,4-(1H,3H)pyrimidinedione 
(Compound 9) 

This compound was prepared in the manner of Step F, the alternative 
method, Example 1, with 0.66 gram (1.6 mmole) of 3-[2-(1-piperidinyl)-4- 
chlorobenzothiazol-7-yl]-6-trifIuoromethyl-2,4-(1 H,3H)pyrimidinedione, 0.33 
35 gram (2.4 mmole) of potassium carbonate, 0.43 gram (3.0 mmole) of iodo- 
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methane, and 25 mL of acetone as reagents. The yield of 3-[2-(1-piperi- 
dinyl)-4-chlorobenzothiazol-7-yl]-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)- 
pyrimidinedione was 0.3 gram, m.p. 102-104 °C. The NMR spectrum was 
consistent with the proposed structure. 

5 

EXAMPLE 14 

SYNTHESIS OF 3-(2-DIBROMOMETHYL-4-CHLORO-6-FLUORO- 
BENZOXAZOL-7-YL)^ 

PYRIMIDINEDIONE (COMPOUND 56) 

10 A stirred solution of 1 .6 grams (4.2 mmole) of 3-(2-methyW-chloro-6- 
fluorobenzoxazol-7-yl)-1 -methyl-6-trifluoromethyl-2 l 4-(1 H,3H)pyrimidine- 
dione, 5.0 grams (28 mmole) of N-bromosuccinimide, 0.05 gram (0.3 
mmole) of 2,2 , -azobis(2-methylpropionitrile) l and 0.05 gram (0.2 mmole) of 
benzoyl peroxide in 50 mL of carbon tetrachloride was heated to reflux, 

1 5 where it stirred for 32 hours. After this time the reaction mixture was allowed 
to cool to ambient temperature, where it stirred for about an additional 48 
hours. At the conclusion of this period 50 mL of trichloromethane was 
added, and the resulting precipitate was collected by filtration and washed 
with one 20 mL portion of trichloromethane. The combined filtrate and wash 

20 were concentrated under reduced pressure to a yellow solid, which was 
subjected to column chromatography on silica gel. Elution was with 5:1 
followed by 2:1 heptane and ethyl acetate. The product-containing fractions 
were combined and concentrated under reduced pressure, yielding 0.15 
gram of 3-(2-dibromomethyl-4-<^k>r^^ 

25 trifluoromethyl-2,4-(1H,3H)pyrimid!nedione. The NMR spectrum was 
consistent with the proposed structure. This 0.15 gram of product was 
combined with 0.39 gram of product prepared by a similar route, yielding a 
total of 0.54 gram of 3-(2-dforomomethyl-4-chto 
1-methyl-6-trffluorom^ m.p. 144-146°C. 

30 

EXAMPLE 15 

SYNTHESIS OF 3-[2-(1-HYDROXY-1-METHYLETHYL)-4-CHLORO-6- 
FLUOROBENZOXAZOL-7-YLH -METHYL-6-TRIFLUOROMETHYL-2.4- 
(1 H,3H)PYRIMIDINEDIONE (COMPOUND 58) 
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Step A Synthesis of N»(3-chloro-4-fluorophenyl)-2-methoxy-2- 
methylpropionamide as an intermediate 

A stirred solution of 6.1 grams (42 mmole) of 3-chioro-4-fluorc>aniline, 
5.0 grams (42 mmole) of 2-methoxy-2-methylpropanoic acid, and 10.5 
grams (55 mmole) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride in 120 mL of methylene chloride was cooled to about 0 °C, 
and 7.4 grams (55 mmole) of 1-hydroxybenzotriazole was added. Upon 
completion of the addition the reaction was slowly warmed to ambient 
temperature, where it stirred for about 18 hours. After this time the reaction 
mixture was poured into water, and the resulting mixture was filtered through 
diatomaceous earth to remove any salts that had precipitated. The organic 
layer was separated from the aqueous layer, washed with an aqueous 
saturated sodium chloride solution, dried with sodium sulfate, and filtered. 
The filtrate was concentrated under reduced pressure to a brown oil, which 
was passed through a silica gel scrub plug, yielding 5.0 grams of N-(3- 
chloro^fluorophenyl)-2Hiiethoxy-2-methylpropionamide. The NMR 
spectrum was consistent with the proposed structure. 
Step B Synthesis of [2-(1 -methoxy-1 -methylethyl)-6-f luorobenzoxazol- 
7-yQcarboxylic acid as an intermediate 

This compound was prepared in the manner of Step B, Example 1 , with 
4.9 grams (20 mmole) of N-(3-chloro-4-fluorophenyl)-2-methoxy-2-methyl- 
propionamide, 120 mL of tetrahydrofuran, 17.6 mL (44 mmole) of 2.5 M n- 
butyllithium in hexanes, and 3.0 grams of solid carbon dioxide as reagents. 
The yield of [2-(1 -methoxy-1 -methylethyl)-6-fluorobenzoxazol-7-yl]carboxylic 
acid was 3.5 grams. The NMR spectrum was consistent with the proposed 
structure. 

An additional 2.1 grams of [2-(lHTiethoxy-1-methylethyl)-6-fluoroberiz- 
oxazol-7-yqcarboxyiic acid of was prepared in the manner of Step B, 
Example 1 t with 4.2 grams (17 mmole) of N-(3-chloro-4~fluorophenyl)-2- 
methoxy-2-methylpropionamide, 120 mL of tetrahydrofuran, 16 mL (40 
mmole) of 2.5 M n-butyllrthium in hexanes, and 3.0 grams of solid carbon 
dioxide as reagents. The NMR spectrum was consistent with the proposed 
structure. 

Step C Synthesis of [2-(1-methoxy-1-methylethyl)-6-fluorobenzoxazol- 
7-yl]carbonyl azide as an intermediate 
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This compound was prepared in the manner of Step C, Example 1 , with 
5.6 grams (22 mmole) of [2-(1-methoxy-1-methylethyl)-6-fluorobenzoxazol-7- 
yl]carboxylic acid, 30 mL of tetrahydrofuran, 2.3 grams (22.7 mmole) of 4- 
methylmorpholine, 2.2 mL (27 mmole) of ethyl chloroformate, 3.0 grams (45 
5 mmole) of sodium azide, and 3 mL of water as reagents. The yield of [2-(1 - 
methoxy-1-methylethyl)-6-fluorobenzoxa2ol-7-yl]carbonyl azide was 3.7 
grams. The NMR spectrum was consistent with the proposed structure. 
Step D Synthesis of ethyl N-[2-(1 -methoxy-1 -methylethyl)-6-fluoro- 
benzoxazol-7-yl]carbamate as an intermediate 

1 0 Under a nitrogen atmosphere a stirred solution of 3.7 grams (1 3 mmole) 
of [2-(1 -methoxy-1 -methylethyl)-6-fluorobenzoxazol-7-yl]carbonyl azide in 25 
mL of ethanoi was heated to reflux where it stirred for about 1 8 hours. After 
this time the reaction mixture was cooled to ambient temperature, and the 
ethanoi was removed, yielding a yellow oil, which was subjected to column 

15 chromatography on silica gel. Elution was with 4:1 heptane and ethyl 

acetate. The product-containing fractions were combined and concentrated 
under reduce pressure, yielding 2.5 grams of ethyl N-[2-(1 -methoxy-1 - 
methylethyl)-6-fluorobenzoxazol-7-yl]carbamate. The NMR spectrum was 
consistent with the proposed structure. 

20 Step E Synthesis of ethyl N-[2-(1 -methoxy-1 -methylethyl)-4-chloro-6- 
fluorobenzoxazol-7-yl]carbamate as an intermediate 
This compound was prepared in the manner of Step D, Example 1 , with 
2.5 grams (8.8 mmole) of ethyl N-[2-(1 -methoxy-1 -methylethyl)-6-fluorobenz- 
oxazol-7-yQcarbamate, 30 mL of acetic acid, about 0.5 mL (6 mmole) of 

25 concentrated hydrochloric acid, and 1 .4 grams (8.8 mmole) of N,N-dichloro- 
urethane as reagents. The yield of ethyl N-[2-(1 -methoxy-1 -methylethyl)-4- 
chlorcK6-fluorobenzoxazoK7-yl]carbamate was 2.2 grams, m.p. 95-97 °C. 
The NMR spectrum was consistent with the proposed structure. 
Step F Synthesis of 3-{2-(1 -methoxy-1 -methylethyl)-4-chloro-6-fluoro- 

30 benzoxazol-7-yl)-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione 

as an intermediate 
This compound was prepared in the manner of Step E, Example 1, with 
0.8 gram (2.4 mmole) of ethyl N-[2-(1 -methoxy-1 -methylethyl)-4-chloro-6-flu- 
orobenzoxazol-7-yfJcarbamate, 0.15 gram (2.8 mmole) of sodium methoxide, 

35 0.44 gram (2.4 mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate f 30 mL of 
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N,N-dimethylformamide, and 0.37 gram (2.4 mmole) of 1 ,8-diazabicyclo- 
[5.4.0]undec-7-ene as reagents. The yield of 3-[2-(1 -methoxy-1 -methyl- 
emyl)-4-chloro-6-fluoroberizoxazol-7-yl)-6Mr^^ 

pyrimidinedione was 0.3 gram. The NMR spectrum was consistent with the 
5 proposed structure. 

An additional 0.6 gram of 3-[2-(1-methoxy-1-methylethyl)-4-chloro-6- 
fluorobenzoxazol-7-yl)-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione was 
prepared in the manner of Step E, Example 1 , with 0.8 gram (2.4 mmole) of 
ethyl N-[2-(1-methoxy-1 -methylethyl)-4-chloro-6-fluorobenzoxazol-7-yl]car- 
1 0 bamate, 0.15 gram (2.8 mmole) of sodium methoxide, 0.44 gram (2.4 
mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate, 30 mL of N,N-dimethyl- 
formamide, and 0.37 gram (2.4 mmole) of 1 ,8-diazabicyclo[5.4.0]undec-7- 
ene as reagents. The NMR spectrum was consistent with the proposed 
structure. 

1 5 Step G Synthesis of 3-[2-(1 -methoxy-1 -methylethyl)-4-chloro-6-fluoro- 
benzoxazol-7-yl)-1-methyl-6-trifluoromethyl-2,4-(1H,3H)- 
pyrimidinedione as an intermediate 
This compound was prepared in the manner of Step F, Example 1 , with 
0.6 gram (1 .4 mmole) of 3-[2-(1 -methoxy-1 -methylethyl)-4-chloro-6-fluoro- 
20 benzoxazol-7-yl)-6-trifluoromethyl-2,4-(1H,3H)pyrimidinedione, 0.39 gram 
(2.8 mmole) of potassium carbonate, 0.4 gram (2.8 mmole) of methyl iodide, 
and 15 mL of acetone as reagents. The yield of 3-[2-(1 -methoxy-1 -methyl- 
ethyl)-4-chloro-6-fluorobenzoxazol-7-yl)-1-methyl-6-trifluoromethyl-2,4- 
(1 H,3H)pyrimidinedione was 0.6 gram. The NMR spectrum was consistent 
25 with the proposed structure. 

Step H Synthesis of 3-[2-(1-hydroxy-1 -methylethyl)-4-chloro-6- 

fliiorobenzoxazol-7-yl)-1-memyl-6-trifluoi^ethyl-2,4-(1H,3H)- 
pyrimidinedione (Compound 58) 
Under a nitrogen atmosphere a stirred solution of 3.8 mL (3.8 mmole) of 
30 1 M boron tribromide (in methylene chloride) in 50 mL of methylene chloride 
was cooled to about -40 °C, and a solution of 0.6 gram (2.6 mmole) of 3-[2- 
(1 -methoxy-1 -methytethyl)-4-chloro-6-fluorobenzoxazol-7-yl)-1 -methyl-6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione in 50 mL of methylene chloride 
was added dropwise at such a rate as to maintain the reaction mixture 
35 temperature below -30 °C. Upon completion of the addition the reaction 
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mixture was allowed to warm to ambient temperature, where it stirred for 
about 18 hours. At the conclusion of this period the reaction mixture was 
poured into water and thoroughly extracted with methylene chloride. The 
combined extracts were washed with an aqueous saturated sodium chloride 
5 solution, dried with sodium sulfate, and filtered. The filtrate was concentra- 
ted under reduced pressure to a brown oil, which was subjected to column 
chromatography on silica gel. Eiution was with t :4 ethyl acetate to heptane. 
The product-containing fractions were combined and concentrated under 
reduced pressure, yielding 0.3 gram of 3-[2-(1-hydroxy-1-methylethyl)-4- 
10 c*loro-6-fluorobenzoxazol-7-^ 

pyrimidinedione. The NMR spectrum was consistent with the proposed 
structure. 

EXAMPLE 16 
15 SYNTHESIS OF 3-(2-THIO-4-CHLORO 

YL)-1-METHYL-6-TOIR.UOROMETHYL-2,4-(1H,3H)PYRIMIDIN 

(COMPOUND 53) 

Step A Synthesis of ethyl N-(4-chloro-2,6-difluorophenyl)carbamate as 
an intermediate 

20 This compound was prepared in the manner of Step A, Example 6, with 
26.9 grams (165 mmole) of 4-chloro-2,6-dilfuoroaniline and 17.4 mL (182 
mmole) of ethyl chloroformate in 90 mL of pyridine as reagents. The yield of 
ethyl N-(4-chloro-2,6-difluorophenyl)carbamate was 23.6 grams. The NMR 
spectrum was consistent with the proposed structure. 

25 Step B Synthesis of ethyl N-(4-chloro-2,6-difluoro-3-nitrophenyl)- 
carbamate as an intermediate 
This compound was prepared in the manner of Step D, Example 6, with 
23.6 grams (109 mmole) of ethyl N-(4-chloro-2,6-difluorophenyl)carbamate 
and 7.7 mL (123 mmole) of 70% nitric acid in 125 mL of sulfuric acid as 

30 reagents. The yield of ethyl N-(4-chloro-2,6-difluoro-3-nitrophenyl)carbam- 
ate is 30.6 grams. The NMR spectrum was consistent with the proposed 
structure. 

Step C Synthesis of ethyl N-(4-chlon>6-fluoro-2-methoxy-3-nitro- 
phenyl)carbamate as an intermediate 
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Under a nitrogen atmosphere a solution of 30.6 grams (109 mmole) of 
ethyl N-(4^hloro-2,6-clifluoro-3-nitrophenyl)carbamate and 18 mL (449 
mmole) of methanol in 175 mL of dioxane was stirred, and 218 mL (218 
mmole) of 1 M sodium trimethylsilanoate (in tetrahydrofuran) was added 
5 dropwise during a 45 minute period. Upon completion of the addition the 
reaction mixture was heated to 65 °C, where it stirred for three hours. At the 
conclusion of this period the reaction mixture was allowed to cool to ambient 
temperature, where it stirred for about 18 hours. The reaction mixture was 
concentrated under reduced pressure to a residue, which was taken up in 

1 0 cold 3 N hydrochloric acid. The resulting solid was collected by filtration, 
washed with petroleum ether, and heat dried under vacuum, yielding 21.3 
grams of ethyl N-(4-chloro-6-fluoro-2-methoxy-3-nitrophenyl)carbamate. 
The IMMR spectrum was consistent with the proposed structure. 
Step D Synthesis of ethyl N-(3-amino-4-chloro-6-fluoro-2-methoxy- 

15 phenyl)carbamate as an intermediate 

This compound was prepared in the manner of Step E, Example 6, with 
21 .3 grams (72 mmole) of ethyl N-(4-chloro-6-fluoro-2-methoxy-3-nitro- 
phenyl)carbamate, 18.3 grams (328 mmole) of iron powder, 50 mL of acetic 
acid, 250 mL of ethanol, and 3 mL (36 mmole) of hydrochloric acid as 

20 reagents. This preparation differed in that the hydrochloric acid was added. 
The yield of ethyl N-(3-amino-4-chloro-6-fluoro-2-methoxyphenyl)carbamate 
was 1 5.0 grams. The NMR spectrum was consistent with the proposed 
structure. 

Step E Synthesis of 3-(3-amino-4-chloro-6-fluoro-2-methoxyphenyl)-6- 
25 trifluoromethyk2,4-(1H,3H)pyrimidinedione as an intermediate 

This compound was prepared in the manner of Step E, Example 1 , with 
15.0 grams (57 mmole) of ethyl N^3-amino-4-chloro-6-fluoro-2-methoxy- 
phenyl)carbamate, 3.6 grams (66 mmole) of sodium methoxide, and 10.5 
grams (57 mmole) of ethyl 3-amino-4,4,4-trifluorocrotonate in 100 mL of 
30 N,N-dimethytformamide as reagents. This preparation differed in that no 
1 ,8-diazabicycto[5.4.0]undec-7-ene was added. The yield of 3-(3-aminc-4- 
chloro^fluoro-2-memoxyphenyl)^trifluoromemyl-2,4-(1H,3H)pyrimidine- 
dione was 10.0 grams. The NMR spectrum was consistent with the 
proposed structure. 
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Step F Synthesis of 3-(3-amino^hloix>^fluoro-2-methoxyphenyl)-1 • 
me^l^rifluoromethyl^^^lH.SHJpyrimidinedione as an 
intermediate 

This compound was prepared in the manner of Step F, Example 1 , with 
5 10.0 grams (28 mmole) of 3-(3-amino-4-chloro-6-fIuoro-2-methoxyphenyl)-6- 
trifluoromethyl-2,4-(1H,3H)pyrimidinedione, 5.7 grams (41 mmole) of 
potassium carbonate, 26 mL (41 mmole) of methyl iodide, and 70 mL of 
acetone as reagents. The yield of 3-(3-amino-4-chlon>6-fluoro-2-methoxy- 
phenyl)-1-methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione was 7.3 
10 grams. The NMR spectrum was consistent with the proposed structure. 

Step G Synthesis of 3-(3-amino-4-chloro-6-fluoro-2-hydroxy)-1 -methyl- 
e-trifluoromethyl^^tlH^HJpyrimidinedione as an 
intermediate 

This compound was prepared in the manner of Step H, Example 15, 
15 with 7.I3 grams (20 mmole) of 3-(3-amino-4-chloro-6-fluoro-2-methoxy- 
phenyl)-1-methyl^trifluoromethyl-2,4-(1H,3H)pyrimidinedione and 80 mL 
(80 mmole) of 1 M boron tribromide (in methylene chloride) in 120 mL of 
methylene chloride as reagents. The yield of 3-(3-amino-4-chloro-6-fIuoro-2- 
hydroxy)-1-methyl^trifluoromethyl-2 f 4-(1H,3H)pyrimidinedione was 5.4 
20 grams. The NMR spectrum was consistent with the proposed structure. 
Step H Synthesis of 3-(2-thio-4-chloro-6-fluorobenzoxazol-7-yl)-1 - 
methyl-6-trifluoromethyl-2,4-(1H,3H)pyrimidinedione 
(Compound 53) 

Under a nitrogen atmosphere a stirred solution of 5.4 grams (15 mmole) 
25 of 3^3-amino-4-^loro-6-fluoro-2-hydroxy)-1 -methyl-6-trifluoromethyl-2,4- 
(1 H,3H)pyrimidinedione and 4.9 grams (30 mmole) of potassium ethyl 
xanthate in 25 mL of ethanol was heated at reflux for four hours. After this 
time the reaction mixture was cooled to ambient temperature and concentra- 
ted under reduced pressure to a residue, which was taken up in water and 
30 acidified to pH 5 with acetic acid. The resulting mixture was thoroughly 
extracted with methylene chloride. The combined extracts were washed 
with an aqueous saturated sodium chloride solution, dried with sodium 
sulfate, and filtered. The filtrate was concentrated under reduced pressure 
to a brown oil, which was subjected to column chromatography on silica gel. 
35 Elution was with 1 :3 followed by 1 :1 ethyl acetate to heptane. The product- 
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containing fractions were combined and concentrated under reduced 
pressure, yielding 1 .0 gram of crude product. This crude product was 
purified by column chromatography on silica gel. Elution was with 1 :9 
methanol and methylene chloride. The product-containing fractions were 
5 combined and concentrated under reduced pressure, yielding 0.3 gram of 3- 
(2-mic>-4-chlorch6-fluorobenzoxazol-7-yl)-1-methyl-6-trifluoromethyl-2,4- 
(1 H,3H)pyrimidinedione. The NMR spectrum was consistent with the 
proposed structure. 



10 EXAMPLE 17 

SYNTHESIS OF 3-(2-METHYLTHIO-4-CHLORO-6-FLUOROBENZOX- 
AZOL-7-YL)-1 -METHYL-6-TRIFLUOROMETHYL-2,4-(1 H.3H)- 
PYRIMIDINEDIONE (COMPOUND 51) 
This compound was prepared in the manner of Step F, Example 1, with 
1 5 4.0 grams (1 0 mmole) of 3-(2-thio-4-chloro-6-fluorobenzoxazol-7-yl)-1 - 

methyl-6-trifluoromethyl-2,4-(1H,3H)pyrimidinedione, 1.5 grams (11 mmole) 
of potassium carbonate, 1.7 grams (12 mmole) of methyl iodide, and 25 mL 
of acetone as reagents. The yield of 3-(2-methylthio-4-chloro-6-fluorobenz- 
oxazol-7-yl)-1-methyl-6-trffluoromethyl-2,4-(1H,3H)-pyrimidinedione was 0.4 
20 gram. The NMR spectrum was consistent with the proposed structure. 

EXAMPLE 18 

SYNTHESIS OF 3-(2-AMINO-4-CHLORO-6-FLUOROBENZOXAZOL-7- 
YL)-1-METHYL-6-TRIFLUOROMETHYL-2,4-(1 H,3H)PYRIMIDINEDIONE 
25 (COMPOUND 70) 

A stirred solution of 1 .3 grams (3.5 mmole) of 3-(3-amino-4-chloro-6- 
fluoro-2-hydroxy)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione in 
20 mL of methanol was cooled to about 0 °C in an ice bath and 0.4 gram 
(3.5 mmole) of cyanogen bromide was added dropwise during a ten minute 
30 period. At the conclusion of this period the reaction mixture was warmed to 
ambient temperature, where it stirred for about 18 hours. The reaction 
mixture was poured into an aqueous saturated sodium bicarbonate solution. 
The resulting mixture was thoroughly extracted with portions of ethyl acetate. 
The combined extracts were washed with an aqueous saturated sodium 
35 chloride solution, dried with sodium sulfate, and filtered. The filtrate was 
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concentrated under reduced pressure to a dark oil, which was subjected to 
column chromatography on silica gel. Elution was with 1 :50 methanol and 
methylene chloride. The product-containing fractions were combined and 
concentrated under reduced pressure to yield the crude product, which was 
5 purified by recrystallization from methylene chloride. The yield of 3-(2- 
amino-4-chloro-6-fluorobenzoxazol-7-yl^^ 

(1 H,3H)pyrimidinedione was 0.5 grams, m.p. 144-150 °C. The NMR 
spectrum was consistent with the proposed structure. 

10 EXAMPLE 19 

SYNTHESIS OF 3-(2-ETHOXYACETYL-4-CHLORO-6-FLUOROBENZ- 
OXAZOL-7-YL)-1-METHYL-6-TRIFLUOROMETHYL-2,4-(1H,3H)- 
PYRIMIDINEDIONE (COMPOUND 93) 
Step A Synthesis of 3-[5-(ethylmalonylamino)-6-(ethylmalonyloxy)-4- 

1 5 chloro-2-fluorophenyl]-1 Hmethyl-e-trifluoromethyl^AO H,3H)- 

pyrimidinedione as an intermediate 
Under a nitrogen atmosphere a stirred solution of 1 .2 grams (8.4 
mmole) of phosphorus pentoxide and 3.2 grams (20 mmole) of hexamethyl- 
disiloxane was heated to 80 °C, and a solution of 1 .5 grams (4.2 mmole) of 

20 3-(3-amino^hloro-6-fluoro-2-hydroxy)-1-methyl-6-trifluoromethyl-2,4- 
(1H,3H)pyrimidinedione and 1.0 gram (6 mmole) of the potassium salt of 
ethyl malonate in 50 mL of dioxane was added. Upon completion of the 
addition the reaction mixture was heated to reflux, where it stirred for 16 
hours. After this time the reaction mixture was cooled to ambient tempera- 

25 ture and poured into 100 mL of water. The resulting mixture was extracted 
with three 50 mL portions of ethyl acetate. The extracts were combined and 
washed with two 50 mL portions of an aqueous saturated sodium chloride 
solution. The combined extracts and washes were dried with magnesium 
sulfate and filtered. The filtrate was concentrated under reduced pressure, 

30 yielding 2.6 grams of a yellow oil. The NMR spectrum indicated that the 
yellow oil was 3-[5-(ethylmalonylamino)-6-(ethylmalonytoxy)-4-chloro-2- 
fluorophenylHHrnethyl^trffi^^ H,3H)pyrimidinedione rather 

than 3-(2-ethoxyacetyl-4-chloro^fluorobenzoxazol-7-y l)^ 1 -methyl-6- 
trifluoromethyl-2,4~(1 H,3H)pyrimidinedione. 
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Step B Synthesis of 3-(2-ethoxyacetyl-4-chloro-6-fluorobenzoxazol-7- 
yl)-1 -methyl-6-trifliioromethyl-2,4-(1 H,3H)pyrimidinedione 
(Compound 93) 

This compound was prepared in the manner of Step G, Example 6, with 
5 2.6 grams (4.4 mmole) of 3-[5-(ethylmalonylamino)-6-(ethyimalonyloxy)-4- 
chloro-2-fluorophenyl]-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidine- 
dione, 1.2 grams (8.4 mmole) of phosphorus pentoxide, and 3.2 grams (20 
mmole) of hexamethyldisiloxane in 30 mL of toluene as reagents. This 
preparation differed in that toluene was used rather than acetic acid. The 
1 0 yield of 3-(2-ethoxyacetyl-4-chloro-6-fluorobenzoxazol-7-yl)-1 -methyl-6- 
trifluoromethyl-2,4-(1H f 3H)pyrimidinedione was 0.5 gram, m.p. 56-58 °C. 
The NMR spectrum was consistent with the proposed structure. 

EXAMPLE 20 

1 5 SYNTHESIS OF 3-(2-ACETYLAMINO-4-CHLORO-6-FLUOROBENZ- 

OXAZOL-7-YL)-1-METHYL-6-TRIFLUOROMETHYL-2 t 4-(1H,3H)- 
PYRIMIDINEDIONE (COMPOUND 115) 
A solution of 3.8 grams (10 mmole) of 3-(2-amino-4-chloro-6-fluoro- 
benzoxazol-7-yl)-1-methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione and 
20 1 .0 gram (15 mmole) of acetyl chloride in 20 mL of pyridine is stirred at 

ambient temperature for about 18 hours. The reaction mixture is concentra- 
ted under reduced pressure, yielding 3-(2-acetylamino-4-chloro-6-fluoro- 
benzoxazol-7-yl)-1-me%l-6-trifluoromethyl-2,4-(1H,3H)pyrimidinedione. 

25 EXAMPLE 21 

SYNTHESIS OF 3-[2-(N-ACETYL-N-METHYLSULFONYLAMINO)-4- 
CHLORO-6-FLUOROBENZOXAZOL-7-YLJ-1 -METHYL-6- 
TRIFLUOROMETHYL-2,4-(1H,3H)PYRIMIDINEDIONE 
(COMPOUND 116) 

30 A stirred suspension of 2.0 grams (51 mmole) of 60% sodium hydride 
(in mineral oil) in 25 mL of tetrahydrofuran is cooled in an ice bath. To this is 
added a solution of 10.2 grams (25.5 mmole) of 3-(2-acetylajTiino-4-chloro-6- 
fluorobenzoxazol-7-yl)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidine- 
dione in 25 mL of tetrahydrofuran. Upon completion of the addition 2.9 

35 grams (25.3 mmole) of methanesulfonyl chloride is added. The reaction 
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mixture is heated to reflux, where it stirs for one hour and then concentrated 
under reduced pressure, yielding 3-[2-(N-acetyl-N-methylsulfonylamino)-4- 
chloro-6-fluorobenzoxazol-7-yl]-1 nrie%l^4rifluoromethyl-2,4-(1 H,3H)- 
pyrimidinedione. 

5 

EXAMPLE 22 

SYNTHESIS OF 3-(2-METHYLSULFONYLAMINO-4-CHLOR<>6- 
H_UOROBENZOXAZOL-7-YL)-1-METHYL-6-TRIFLUOROMETHYL~2,4- 
(1 H,3H)PYRIMIDINEDIONE (COMPOUND 71) 
10 A stirred solution of 4.5 grams (1 0 mmole) of 3-[2-(N-acetyl-N-methyl- 
sulfonylamino)^chloro-6-fluorobenzoxazol-7-^ 

2,4-(1H,3H)pyrimidinedione in 25 mL of 85% hydrazine is heated to 60 °C, 
where it stirs for about 18 hours. After this time the reaction mixture is 
concentrated under reduced pressure, yielding 3-(2-methylsulfonylamino-4- 
1 5 chloro-6-fluorobenzoxazol-7-yl)-1 -methyl-6-trifluoromethyl-2 I 4-(1 H,3H)- 
pyrimidinedione. 

The 3-(2-methylsulfonylamino-4-chloro-6-fluorobenzoxazol-7-yl)-1 - 
methyl^-trifluoromethyl-2 f 4-(1H,3H)pyrimidinedione can also be prepared in 
the manner stated above with 3 N hydrochloric acid rather than hydrazine 
20 and by heating at reflux rather than 60 °C. 

EXAMPLE 23 

SYNTHESIS OF 3^2^N-METHYL-N-METHYLSULFON YLAMI NO)-4- 
CHLORO^-FLUOROBENZOXAZOL-7-YL]-1 -METHYL-6- 
25 TRIR-UOROMETHYL-2,4-<1 H,3H)PYRIMIDINEDIONE 

(COMPOUND 76) 
This compound is prepared in the manner of Step F, Example 1 , with 
4.3 grams (10 mmole) of 3-(2-methylsulfonylamino-4-chloro-6-fluorobenz- 
oxazol-7-yl)-1-methyl-6-trifluoromethyl-2 > 4-(1 H,3H)pyrimidinedione, 1 .5 
30 grams (1 1 mmole) of potassium carbonate, 1 .7 grams (12 mmole) of methyl 
iodide, and 25 mL of acetone as reagents. 
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EXAMPLE 24 

SYNTHESIS OF 3-(2,4-DICHLORO-6-FLUOROBENZOXAZOL-7-YL)-1- 
METHYL-6-TRIFLUOROMETHYL-2,4-(1 H,3H)PYRIMIDINEDIONE 

(COMPOUND 106) 

5 Step A Synthesis of 3-(2-oxo-4-chloro-6-fluoro-2,3-dihyclrobenzox- 
azol-7-yl)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidine 
dione as an intennediate 
Under a nitrogen atmosphere a stirred solution of 0.7 gram (4.3 mmole) 
of 1 , 1 '-carbonyldiimidazole and 1 .0 gram (2.8 mmole) of 3-(3-amino-4- 

1 0 chloro-6-fluoro-2-hydroxy)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidine- 
dione in 30 mL of tetrahydrofuran was heated to reflux, where it stirred for 
1 .5 hours, then cooled to ambient temperature, where it stirred for about 18 
hours. After this time the reaction mixture was poured into 1 N aqueous 
hydrochloric acid. The resulting mixture was thoroughly extracted with 

1 5 portions of ethyl acetate. The combined extracts were washed with portions 
of an aqueous saturated sodium chloride solution, dried with magnesium 
sulfate, and filtered. The filtrate was concentrated under reduced pressure, 
yielding 1.0 gram of 3-(2-oxo-4-chloro-6-fluoro-2 > 3-dihydrobenzoxazol-7-yl)- 
1-methyl-6-trifluoromethyl-2,4-(1H,3H)pyrimidinedione, m.p. 67-71 °C. The 

20 NMR spectrum was consistent with the proposed structure. 

Step B Synthesis of 3-(2,4-dichloro-6-fluoroben2oxazol-7-yl)-1 -methyl- 
6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione (Compound 1 06) 
A stirring solution of 3.8 grams (10 mmole) of 3-(2-oxo-4-chloro-6-fluoro- 
2,3-dihydrobenzoxazol-7-yl)-1-memyl^tn^uoromemyl-2,4-(1H,3H)pyrimi- 

25 dinedione and 7.7 grams (50 mmole) of phosphorus oxychloride is cooled in 
an ice bath. To this 5.0 grams (49.4 mmole) of triethylamine is added via 
syringe during a ten minute period. At the conclusion of this period the 
reaction mixture is heated to reflux where it stirs for four hours. After this 
period the reaction mixture is cooled to ambient temperature and poured into 

30 ice water. The resulting mixture is extracted with portions of diethyl ether. 
The extracts are combined, washed with an aqueous saturated sodium 
bicarbonate solution, dried with sodium sulfate, and filtered. The filtrate is 
concentrated under reduced pressure, yielding 3-(2,4-dichloro-6-fluorobenz- 
oxazol-7-yl)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimidinedione. 



WO 97/08170 



PCT/US96/13995 



EXAMPLE 25 



10 



15 



20 



SYNTHESIS OF 3-(4-CHLOR06-FLUOR02-PHENOXYBENZOXAZOL-7- 
YL]-1-METHYL^-TRIR.UOROMETHYL-2,4-(1H f 3H)PYRIMIDINEDIONE 



Under a nitrogen atmosphere, a stirred solution of 2.0 grams (51 
mmole) of 60% sodium hydride (in mineral oil) in 25 mL of N,N-dimethyl- 
formamide is cooled in an ice bath, and a solution of 5.3 grams (56.3 
mmoles) of phenol in 25 mL of N,N-dimethylformamide is added dropwise 
during a five minute period. To this is added a solution of 20.3 grams (51 
mmole) of 3-(2,4Kiichlorc>-6-fluorobenzoxazol^ 

methyl-2,4-(1H,3H)pyrimidinedione (as prepared in Example 24) in 25 mL of 
N,N-dimethylformamide. Upon completion of the addition the reaction 
mixture is allowed to warm to ambient temperature, where it stirs for about 
18 hours. After this time the reaction mixture is concentrated under reduced 
pressure, yielding 3-(4-chloro-6-fluoro-2-phenoxybenzoxazol-7-yl]-1 -methyl- 
6-trifluoromethyk2,4-(1H 1 3H)pyrimidinedione. 

Novel intermediates used in the preparation of the compounds 
described above include compounds of the formula: 



in which: P is nitro, amino, or azido; W is hydrogen, aikoxy, or hydroxy; 
R 1 is hydrogen, lower alkyl, or amino; X is oxygen; Y is hydrogen, hydrogen, 
halogen, aikoxy, or nitro; Z is halogen; and P and W together may be -N- 
C(0)-0- to complete a benzoxazole ring. 

HERBICIDAL ACTIVITY 
The 3-(substituted benzoxazol-7-yl) and 3-(substituted benzothiazol-7- 
ylH-substftuted^tiffluorom of the present 

invention were tested for pre- and postemergence herbicidal activity on a 



(COMPOUND 118) 
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variety of crops and weeds. The test plants included soybean (Glycine max 
var. Winchester), field com fZea mavs var. Pioneer 3732), wheat (Triticum 
aestivum var. Lew), momingglory (jpomea lacunosa or Ipomea hgderacea) , 
vetvetleaf (Abutilon theoohrastn . green foxtail (Setaria yjrjdjs) , Johnsongrass 
5 (Sorohum hajepense), blackgrass (Aloepecurus mvosuroides) . common 
chickweed fStellaria medial and common cocklebur (Xanthium strumarium 
L). 

For preemergence testing, two disposable fiber flats (8 cm x 15 cm x 25 
cm) for each rate of application of each candidate herbicide were filled to an 

1 0 approximate depth of 6.5 cm with steam-sterilized sandy loam soil. The soil 
was leveled and impressed with a template to provide five evenly spaced 
furrows 13 cm long and 0.5 cm deep in each flat. Seeds of soybean, wheat, 
com, green foxtail, and johnsongrass were planted in the furrows of the first 
flat, and seeds of velvetleaf, momingglory, common chickweed, cocklebur, 

1 5 and blackgrass were planted in the furrows of the second flat. The five-row 
template was employed to firmly press the seeds into place. A topping soil 
of equal portions of sand and sandy loam soil was placed uniformly on top of 
each flat to a depth of approximately 0.5 cm. Flats for postemergence testing 
were prepared in the same manner except that they were planted 9-14 days 

20 prior to the preemergence flats and were placed in a greenhouse and 
watered, thus allowing the seeds to germinate and the foliage to develop. 

In both pre- and postemergence tests, a stock solution of the candidate 
herbicide was prepared by dissolving 0.27g of the compound in 20 mL of 
water/acetone (50/50) containing 0.5% vfv sorbrtan monolaurate. For an 

25 application rate of 3 g/ha of herbicide a 0.1 0 mL portion of the stock solution 
was diluted with water/acetone (50/50) to 45.01 mL. 

The preemergence flats were initially subjected to a light water spray. 
The four flats were placed two by two along a conveyor belt (i.e., the two 
preemergence followed by the two postemergence flats). The conveyor belt 

30 passed under a spray nozzle mounted about ten inches above the 

postemergent foliage. The preemergent flats were elevated on the belt so 
that the soil surface was at the same level below the spray nozzle as the 
foliage canopy of the postemergent plants. The spray of herbicidal solution 
was commenced, and once the spray stabilized, the flats were passed under 

35 the spray at a speed to receive a coverage equivalent of 1 0OOL/ha, affording 
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the rate of 3 g/ha. The preemergence flats were watered immediately 
thereafter, placed in the greenhouse, and watered regularly at the soil 
surface. The postemergence flats were immediately placed in the green- 
house and not watered until 24 hours after treatment with the test solution. 
5 Thereafter they were regularly watered at ground level. After 12-17 days the 
plants were examined and the phytotoxicity data were recorded. 

Herbicidal activity data are given for various compounds of the present 
invention in Table 3 (preemergence) and Table 4 (postemergence). The test 
compounds are identified by numbers that correspond to those in Table 1 . 
1 0 Phytotoxicity data are taken as percent control. Percent control is 
determined by a method similar to the 0 to 100 rating system disclosed in 
"Research Methods in Weed Science,' 2nd ed., B. Truelove, Ed.; Southern 
Weed Science Society; Auburn University, Auburn, Alabama, 1977. The 
rating system is as follows: 
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Herbicide Rating System 



Rating 
Percent 

Control 



Description 
of Main 
Categories 

No effect 



10 



20 



30 



40 



50 



60 



70 



80 



90 



Slight 
effect 



Moderate 
effect 



Severe 



Crop 


Weed 


Pesqiiptipn 


Description 


No crop 


No weed 


reduction 


control 


or injury 




Slight dis- 


Verv noor wppH 


coloration 


control 


or stunting 




Some dis- 


Pnor \a/doH 
ruui wccu 


coloration 


onntrAl 

lA/l III \Jl 


stunting or 




stand loss 




Crop injury 


Poor to defi- 


more pronounced 


dent weed 


but not lasting 


control 


Moderate injury, 


Deficient weed 


crop usually 


control 

wl III Wl 


recovers 




Crop injury 


Defident to 


more lasting, 


moderate weed 


recovery doubtful 


control 


Lasting crop 


Moderate weed 


injury, no 


control 


recovery 




Heavy injury and 


Control some- 


stand loss 


what less than 
satisfactory 


Crop nearly des- 


Satisfactory 


troyed, a few 


to good weed 


survivors 


control 


Only occasional 


Very good to 


live plants left 


excellent 




control 



100 Complete 
effect 



Complete crop 
destruction 



Complete weed 
destruction 
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For herbicidal application, the ^(substituted benzoxazol-7-yl) and 3- 
(substituted benzothiazol-7-yl)-1-substituted-6-trifluoromethyl-2,4-(1 H,3H)- 
pyrimidinediones are formulated into herbictdal compositions by admixture in 
herbicidally effective amounts with adjuvants and carriers normally employed 
5 in the art for facilitating the dispersion of active ingredients for the particular 
utility desired, recognizing the fact that the formulation and mode of 
application of a toxicant may affect the activity of the material in a given 
application. Thus, for agricultural use the present herbicidal compounds 
may be formulated as granules of relatively large particle size, as water- 
1 0 soluble or water-dispersible granules, as powdery dusts, as wettable 
powders, as emulsifiable concentrates, as solutions, or as any of several 
other known types of formulations, depending on the desired mode of 
application. 

These herbicidal compositions may be applied either as water-diluted 

15 sprays, or dusts, or granules to the areas in which suppression of vegetation 
is desired. These formulations may contain as little as 0.1%, 0.2% or 0.5% 
to as much as 95% or more by weight of active ingredient. 

Dusts are free flowing admixtures of the active ingredient with finely 
divided solids such as talc, natural clays, kieselguhr, flours such as walnut 

20 shell and cottonseed flours, and other organic and inorganic solids which act 
as dispersants and carriers for the toxicant; these finely divided solids have 
an average particle size of less than about 50 microns. A typical dust 
formulation useful herein is one containing 1 .0 part or less of the herbicidal 
compound and 99.0 parts of talc. 

25 Wettable powders, also useful formulations for both pre- and post- 
emergence herbicides, are in the form of finely divided particles which 
disperse readily in water or other dispersants. The wettable powder is 
ultimately applied to the soil either as a dry dust or as an emulsion in water 
or other liquid. Typical carriers for wettable powders include Fuller's earth, 

30 kaolin clays, silicas, and other highly absorbent, readily wettable inorganic 
diluents. Wettable powders normally are prepared to contain about 5-80% 
of active ingredient depending on the absorbency of the carrier, and usually 
also contain a small amount of a wetting, dispersing or emulsifying agent to 
facilitate dispersion. For example, a useful wettable powder formulation 

35 contains 80.8 parts of the herbicidal compound, 1 7.9 parts of Palmetto clay, 
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1 .0 part of sodium lignosulfonate, and 0.3 part of sulfonated aliphatic 
polyester as wetting agents. Frequently, additional wetting agent and/or oil 
will be added to the tank mix for postemergence application to facilitate 
dispersion on the foliage and absorption by the plant. 
5 Other useful formulations for herbicidal applications are emulsifiable 
concentrates (ECs) which are homogeneous liquid compositions dispersible 
in water or other dispersant, and may consist entirely of the herbicidal 
compound and a liquid or solid emulsifying agent, or may also contain a 
liquid carrier, such as xylene, heavy aromatic naphthas, isophorone, or other 

1 0 non-volatile organic solvent. For herbicidal application these concentrates 
are dispersed in water or other liquid carrier, and normally applied as a spray 
to the area to be treated. The percentage by weight of the essential active 
ingredient may vary according to the manner in which the composition is to 
be applied, but in general comprises 0.5 to 95% of active ingredient by 

15 weight of the herbicidal composition. 

Flowable formulations are similar to ECs except that the active 
ingredient is suspended in a liquid carrier, generally water. Flowables, like 
ECs, may include a small amount of a surfactant, and contain active 
ingredient in the range of 0.5 to 95%, frequently from 10 to 50%, by weight of 

20 the composition. For application, flowables may be diluted in water or other 
liquid vehicle, and are normally applied as a spray to the area to be treated. 

Typical wetting, dispersing or emulsifying agents used in agricultural 
formulations include, but are not limited to, the alkyl and alkylaryl sulfonates 
and sulfates and their sodium salts; alkylaryl polyether alcohols; sulfated 

25 higher alcohols; polyethylene oxides; sulfonated animal and vegetable oils; 
sulfonated petroleum oils; fatly acid esters of polyhydric alcohols and the 
ethylene oxide addition products of such esters; and the addition product of 
long-chain mercaptans and ethylene oxide. Many other types of useful 
surface-active agents are available in commerce. The surface-active agent, 

30 when used, normally comprises from 1 to 15% by weight of the composition. 

Other useful formulations include suspensions of the active ingredient in 
a relatively non-volatile solvent such as water, com oil, kerosene, propylene 
glycol, or other suitable solvents. 

Still other useful formulations for herbicidal applications include simple 

35 solutions of the active ingredient in a solvent in which it is completely soluble 
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at the desired concentration, such as acetone, alkylated naphthalenes, 
xylene, or other organic solvents. Granular formulations, wherein the 
toxicant is carried on relatively coarse particles, are of particular utility for 
aerial distribution or for penetration of cover crop canopy. Pressurized 
5 sprays, typically aerosols wherein the active ingredient is dispersed in finely 
divided form by a propellant, such as carbon dioxide, propane or butane, 
may also be used. Water-soluble or water-dispersible granules are also 
useful formulations for herbicidal application of the present compounds. 
Such granular formulations are free-flowing, non-dusty, and readily water- 

1 0 soluble or water-miscible. The soluble or dispersible granular formulations 
described in U.S. patent No. 3,920,442 are useful herein with the present 
herbicidal compounds. In use by the farmer on the field, the granular 
formulations, emulsifiable concentrates, flowable concentrates, solutions, 
etc., may be diluted with water to give a concentration of active ingredient in 

1 5 the range of say 0. 1 % or 0.2% to 1 .5% or 2%. 

The 3-(substituted benzoxazol-7-yl) and 3-(substituted benzothiazol-7- 
yl)-1-substtuted-6-trifluoromethyl-2,4-(1H,3H)pyrimidinediones of this 
invention may be formulated and/or applied with insecticides, fungicides, 
nematicides, plant growth regulators, fertilizers, or other agricultural 

20 chemicals and may be used as effective soil sterilants as well as selective 
herbicides in agriculture. In applying an active compound of this invention, 
whether formulated alone or with other agricultural chemicals, an effective 
amount and concentration of the active compound is of course employed; 
the amount may be as low as, for example, about 4 to 300 g/ha to, 

25 preferably, about 10 to 30 g/ha. For field use, where there are losses of 
herbicide, higher application rates (for example, four times the rates 
mentioned above) may be employed. 

The ^substituted benzoxazol-7-yt) and 3-(substituted benzothiazol-7- 
yl)-1-substftuted-6-trifluoromethyl-2,4-(1H of this 

30 invention may be used in combination with other herbicides, for example 

they may be mixed with, say, an equal or larger amount of a known herbicide 
such as aryioxyalkanoic acid herbicides such as (2,4-dichlorophenoxy)acetic 
arid (2,4-D), (4-chloro-2-methylphenoxy)acetic acid (MCPA), (+/-)-2-(4- 
chloro-2-methylphenoxy)propanoic acid (MCPP); urea herbicides, such as 

35 N,N-dimethyl-NH4-(1-methylethyl)phenyr|urea (isoproturon); imidazolinone 
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herbicides, such as 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H- 
imidazol-2-yf]-3-pyridinecarboxylic acid (imazapyr), a reaction product 
comprising (+/-)-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1 H-imid- 
azol-2-ylH-methylbenzoic acid and (+/-)-2-[4,5-dihydro-4-methyl-4-(1- 
5 methylethyl)-5-oxo-1 H-imidazol-2-yl]-5-mettiylbenzoic acid (imazametha- 
benz), (4/-)-2-[4,5-dihydro-4-methyl-4-(1 -methylethyl)-5-oxo-1 H-imidazol-2- 
yQ-5-ethyl-3-pyridinecarboxylic acid (imazethapyr),and (+/-)-2-[4,5-dihydro-4- 
methyM-(1-methylethyl)-5-oxo-1 H-imidazol-2-yl]-3-quinol?necarboxylic acid 
(imazaquin); diphenyl ether herbicides, such as 5-[2-chloro-4-(trifluorc- 

1 0 methyl)phenoxy]-2-nitrobenzoic acid (acifluorfen), methyl 5-(2,4-dichloro- 
phenoxy)-2-nitrobenzoate (bifenox), and 5-[2-chloro-4-(trifluorornethyl)- 
phenoxyJ-N-(methylsulfonyl)-2-nitrobenzamide (fomasafen); hydroxybenzo- 
nitrile herbicides, such as 4-hydroxy-3,5-diiodobenzonitrile (ioxynil), and 3,5- 
dibromo-4-hydroxybenzonitrile (bromoxynii); sulfonylurea herbicides, such as 

1 5 2-[[U(4-chloro-6-methoxy-2-pyrimidinyl)amino]carbonyl]amino]sulfonyl]- 

benzoic acid (chlorimuron), 2-chloro-N-[[(4-methoxy-6-methyl-1,3,54riazin-2- 
yl)amino]carbonyl]benzenesulfonamide (chlorsulfuron), 2-ffl[[(4,6-dimethoxy- 
2-pyrimicfiny0amino]cart)onyl]amino]sulfonyl]methyl]benzoicacid 
(bensulfuron),2-nn(4,6-dimethoxy-2-pyrimidinyl)amino]carbonyl]amino]- 

20 sulfonyl]-1-methyl-1 H-pyrazoM-carboxylic acid (pyrazosulfuron), 3-[[II(4- 
nmthoxy-6HTiethyl-1,3,54riazin-2-yl)amino]carbonyl]amino]sulfonyl]-2- 
thiophenecarboxylic acid (thifensulfuron), and 2-(2-chloroethoxy)-N-I[(4- 
methoxy-6HT»ethyl-1,3,5-triazirh2-yl)amino]carbonyl]benzenesulfonamide 
(triasulfuron); 2-(4-aryloxyphenoxy)alkanoic acid herbicides, such as (+/-)-2- 

25 [4-[(6-chloro-2-benzoxazolyl)oxy]phenoxy]propanoic acid (fenoxaprop), (+/-)- 
2-[4-[[5-(trffluoronr»ethyl)-2-pyridinyqoxylphenoxy]propa^ acid (fluazifop), 
(+/-)-2-[4-{6-cWofo-2-quinoxalinyl)oxy]phenoxy]propanoic acid (quizalofop), 
and (+/-)-2-{-(2,4-dichlorophenoxy)phenoxy]propanoic acid (diclofop); 
benzothiadiazinone herbicides, such as 3-(1-methylethyl)-1H-2,1,3- 

30 benzothiadiazin-4(3H)-one 2^-dioxide (bentazone); 2-chloroacetanilide 
herbicides, such as N-(butoxymethyl)-2-chloro-2',6'-diethylacetanilide 
(butachlor); arenecarboxylic acid herbicides, such as 3,6-dichloro-2- 
methoxybenzoic acid (dicamba); and pyridyloxyacetic acid herbicides, such 
as [(4-amino-3,5-dichloro-6-fluoro-2-pyridinyl)oxy]acetic acid (fluroxypyr). 
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It is apparent that various modifications may be made in the formulation 
and application of the compounds of this invention without departing from 
the inventive concepts herein as defined in the claims. 
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Table 1 

HERBICIDAL 3-SUBSTITUTED-1 -SUBSTITUTED-6-TRI FLUORO- 
METHYL-2,4-(1 H,3H)PYRIMIDINEDIONES 








0 










Cmpd. No. 
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Table 1 (continued) 

Cmpd. No. R R1 R 2 X Y Z 

10 CI -CH 3 H S H 6-F 

11 CI -CH 3 CI S H 6-F 

12 -CH 3 -CH 3 H S 4-CI 6-F 

13 isopropyl -CH 3 H S 4-CI 6-F 

14 -NHC4H9 -CH 3 H S 4-CI 6-F 

15 _ r~y -CH3 H S 4-CI 6-F 

16 -CH 3 -CH 3 H S H 4-CI 

17 n-propyl -CH 3 H S H 4-CI 

18 CI -CH 3 H S 4-OCH 3 6-CI 

19 Isobutyl -CH 3 H O 4-CI 6-F 

20 -CH20CH 3 -CH 3 H O 4-CI 6-F 

21 -CH2CI -CH 3 H O 4-CI 6-F 

22 phenyl -CH 3 H O 4-CI 6-F 

23 isopropyl -CH 3 H O 4-CI 6-F 

24 benzyl -CH 3 H O 4-CI 6-F 
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Table 1 (continued) 



Cmpd. No. 
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R2 


x 
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t-butyl 


-CH 3 


H 


0 


4-Br 


6-F 



33 t-butyl -CH 3 H O 4-NQ 2 6-F 



-OCH3 

Hh6 



34 > -° H * H O 4~C! 6-F 



OCH3 

35 "-J~X " Ch3 H O 4-CI 6-F 

H ~ 
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Table 1 (continued) 



Cmpd. No. R Ri R 2 X Y 



36 ^^—^^oc^ -CH 3 H O 4-CI 6-F 



37 ChjCHa -CH 3 H O 4-CI 6-F 

-C-CHz 
CH3 

38 CHa -CH 3 H O 4-CI 6-F 



39 H N H -CH 3 H O 4-CI 6-F 



40 H s H -CH 3 H O 4-CI 6-F 

OCH3 

41 H N h -CH 3 H O 4-CI 6-F 

OCH3 



0CH3 



42 CH3 a* -CHs H O 4-CI 6-F 
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Table 1 (continued) 



Cmpd. No. R Ri R2 x Y Z 
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Table 1 (continued) 



Cmpd. No. 


R 


R1 


R2 


X 


Y 


Z 


56 


-CHBr, 


-CH 3 


H 


0 


4-CI 


6-F 


57 


-CH 2 Br 
CH3 


-CH3 


H 


0 


4-CI 


6-F 


58 


CH3 


-CH3 


H 


0 


4-CI 


6-F 


Eft 

59 


] CH3 

^ O— CH 3 
CHa 


-OH3 


H 


0 


4-CI 


6-F 


60 


^ O — COCH3 
CHa 


-CH3 


H 


0 


4-CI 


6-F 


61 


O COoCMn 

CH3 


-CH, 


H 


0 


4-CI 


6-F 


62 


^ \ ^-OH 
H2C 
CH3 


-CH, 


H 


0 


4-CI 


6-F 


63 


I^CHa 

r 


-CH 


H 


0 


4-CI 


6-F 


64 


CH3 


-CH, 


H 


0 


4-CI 


6-F 


65 




-CH, 


H 


0 


4-CI 


6-F 



WO 97/08170 



PCT/US96/13995 



-72- 



Table 1 (continued) 



Cmpd. No. 


R 


R1 


R2 


X 


Y 


Z 
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Table 1 (continued) 



Cmpd. No. 
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R2 
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Z 


85 


-CO ? Na 


-CH 3 


H 


O 


4-CI 


6-F 


86 


-CONH 2 


-CH, 


H 


O 


4-CI 


6-F 


87 


-CONHCH, 


-CH 3 


H 


O 


4-CI 


6-F 


88 


-CON(CH,) 2 


-CH 3 


H 


O 


4-CI 


6-F 


89 


-CONHS0 2 CH 3 


-CH 3 


H 


0 


4-CI 


6-F 


90 


-coah 6 


-CH, 


H 


0 


4-CI 


6-F 


91 




-CH 3 


H 


o 


4-CI 


6-F 


92 


-CH 2 C0 2 CH 3 


-GH 3 


H 


0 


4-CI 


6-F 


93 


-CH 2 C0 2 C 2 H s 


-CH 3 


H 


o 


4-CI 


6-F 


94 


-CHfCHJCO.CH, 


-CH 3 


H 


o 


4-CI 


6-F 


95 


-CH,CH(CI)CO,CH, 


-CH 3 


H 


o 


4-CI 


6-F 


96 


-C^CHfCHJCC^CH, 


-CH, 


H 


o 


4-CI 


6-F 


97 


-CH=C(CHJC0 2 CH 3 


-CH 3 


H 


0 


4-CI 


6-F 


98 


-CH=C(CI)CO,CH, 


-CH 3 


H 


o 


4-CI 


6-F 


99 


-OCH 2 C0 2 CH 3 


-CH 3 


H 


o 


4-CI 


6-F 


100 


-OCHfCHJCOaCH, 


-CH 3 


H 


0 


4-CI 


6-F 


101 


-OCH 2 CH=CH 2 


-CH, 


H 


0 


4-CI 


6-F 


102 


-OCH,CsCH 


-CH 3 


H 


o 


4-CI 


6-F 



WO 97/08170 



PCT/US96/13995 



.74. 



Table 1 (continued) 



Cmpd. No. 


R 


R1 


R2 


X 


Y 
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Table 1 (continued) 



Cmpd. No. R R1 R2 x Y 
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~°~^}~ 0 ' X X 0CH3 -CH, H O 4-CI 6-F 
121 -Q-^~^-Cl -CH, H O 4-CI 6-F 



122 -0\ ^-CHg -CH, H O 4-CI 6-F 



123 -o^VJYh -CH, H O 4-CI 6-F 

o 83 

H 

124 X C~^S^ _CH, H O 4-CI 6-F 
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Table 2 

CHARACTERIZING PROPERTIES 



Cmpd No Melting Point (°C) Cmpd No Melting Point (°C) 
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Table3 

PREEMERGENCE HERBICIDAL ACTIVITY (% CONTROL) 



Compound No. 
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2 


3 
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Ratefkn/ha} 
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0 3 


0 3 


0 3 


Species 










Soybean 


100 


100* 


100 


100 


Wheat 


100 


98* 


100 


100 


Com 


100 


98* 


100 


100 


Velvetleaf 


100 


100* 


100 


100 


Momingglory 


100 


100* 


100 


100 


Chickweed 


100 


100* 


100 


100 


Cocklebur 


100 


90* 


100 


100 


Blackgrass 


95 


100* 


100 


100 


Green foxtail 4 


100 


100* 


100 


100 


Johnsongrass 


100 


100* 


100 


100 


Compound No. 


5 


6 


7 


8 


Ratefka/ha) 


0.3 


0.3 


0.3 


0.3 


Species 










Soybean 


100 


100 


60 


100 


Wheat 


95 


100 


50 


80 


Com 


100 


100 


70 


90 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


95 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100 


100 


80 


Blackgrass 


ND 


100 


60 


90 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


100 


100 


Compound No. 


9 


10 


11 


12 


Rate(ka/ha) 


03 


03 


03 


03 


Species 










Soybean 


100 


50 


90 


100 


Wheat 


85 


30 


20 


100 


Com 


95 


70 


70 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


90 


70 


100 


Chickweed 


100 


50 


0 


ND 


Cocklebur 


50 


90 


40 


100 


Blackgrass 


80 


70 


30 


ND 


Green foxtail 


100 


100 


95 


100 


Johnsongrass 


100 


95 


100 


100 
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Tabte 3 (continued) 



Compound No. 


13 


14 


15 


16 


Ratefka/ha) 


03 


0,3 


03 


03 












Soybean 


100 


100 


100 


100 


Wheat 


90 


60 


80 


100 


Com 


100 


90 


95 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


95 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


50 


100 


100 


Blackgrass 


ND 


60 


95 


100 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


100 


100 


ComDound No. 


17 


18 


19 


20 


Ratefka/ha) 


03 


03 


03 


03 


Species 










Soybean 


100 


20 


100 


100 


Wheat 


100 


50 


80 


100 


uom 


100 


60 


90 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


90 


100 


100 


Chickweed 


ND 


100 


100 


100 


Cocklebur 


100 


10 


100 


100 


Blackgrass 


100 


0 


100 


100 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


40 


100 


100 


Compound No. 


21 


22 


23 


24 


Ratefko/ha) 
Species 


03 


Q£ 


03 


03 


Soybean 


50 


45 


100 


95 


Wheat 


60 


30 


100 


50 


Com 


60 


50 


100 


80 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


80 


95 


100 


100 


Cocklebur 


70 


30 


100 


75 


Blackgrass 


50 


75 


100 


90 


Green foxtail 


95 


100 


100 


100 


Johnsongrass 


90 


90 


100 


100 
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Compound No. 

Ratefka/hal 

Species 

Soybean 

Wheat 

Com 

Velvetleaf 

Momingglory 

Chickweed 

Cocklebur 

Blackgrass 

Green foxtail 

Johnsongrass 

Compound No. 

Rate(ka/hal 

Species 

Soybean 

Wheat 

Com 

Velvetleaf 

Momingglory 

Chickweed 

Cocklebur 

Blackgrass 

Green foxtail 

Johnsongrass 

Compound No. 

Rate(kg/ha) 

Species 

Soybean 

Wheat 

Com 

Velvetleaf 

Momingglory 

Chickweed 

Cocklebur 

Blackgrass 

Green foxtail 

Johnsongrass 
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Table 3 


(continued) 






25 


26 


27 


28 


03 


0.3 


0.3 


0.3 


100 


100 


100 


95 


90 


40 


60 


55 


95 


70 


90 


90 


100 


100 


100 


100 


100 


100 


100 


100 


95 


100 


100 


40 


70 


100 


80 


40 


90 


60 


90 


70 


100 


100 


100 


100 


100 


60 


100 


100 




3Q 


31 


32 


0.3 


0.3 


0.3 


0.3 


100 


100 


100 


100 


40 


40 


40 


90 


30 


20 


30 


95 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


60 


60 


50 


80 


40 


60 


50 


100 


100 


100 


100 


100 


80 


70 


60 


100 


34 


35 


36 


3Z 


03 


OS 


£L3 


OS 


100 


100 


100 


100 


50 


60 


50 


70 


50 


60 


60 


90 


100 


100 


100 


100 


100 


100 


100 


100 


95 


100 


100 


100 


50 


80 


90 


100 


50 


50 


60 


ND 


100 


100 


100 


100 


80 


75 


80 


100 
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Table 3 (continued) 






Compound No. 


38 


3Q 


40 


41 


Ratefka/ha) 


n ^ 


u.o 


03 


OA 


Species 








Soybean 


100 


70 


100 


100 


Wheat 


7n 
/ u 


**n 

OU 




fin 


Com 


an 


An 


60 


80 


Velvetleaf 


inn 


inn 
lUU 


100 


100 


Momingglory 


•inn 

1UU 


i nn 
1UU 


100 


100 


Chickweed 


1 nn 


i AA 
lUU 


100 


100 


Cocklebur 


inn 
1UU 


a f\r\ 
100 


100 


100 


Blackgrass 


Kin 
IMU 


ND 


ND 


ND 


Green foxtail 


inn 
lUU 


i A A 
100 


100 


100 


Johnsongrass 


95 


90 


80 


95 


Comoound No. 


42 


43 


44 


45 


Ratefka/ha) 


0.3 


0,3 


£L3 


03 


SDecies 








Soybean 


7a 


100 


100 


100 


VVI ItSdl 


50 


65 


50 


OA 

80 


Com 


60 


50 


70 


100 


Velvetleaf 


100 


100 


100 


100 


Mnminnnlnrv 


100 


100 


inn 
1UU 


TOO 


Chickweed 


A A A 

100 


100 


ND 


90 


Cocklebur 


on 
oU 


85 


100 


95 


Blackgrass 


Kin 
IMU 


NU 


ND 


100 


Green foxtail 


inn 
1UU 


i AA 

1UU 


100 


100 


Johnsongrass 


on 
oU 


OA 

oO 


90 


100 


Comoound No. 


AC 

ftfi 


±L 


48 


43 


Ratefka/ha) 
Species 


n 

u.o 


n q 
u.o 


03 


0,3 


Soybean 


100 


100 


40 


70 


Wheat 


30 


10 


60 


60 


Com 


30 


20 


80 


80 


Velvetleaf 


100 


80 


100 


100 


Momingglory 


100 


80 


100 


100 


Chickweed 


100 


0 


90 


100 


Cocklebur 


40 


80 


85 


95 


Blackgrass 


50 


ND 


ND 


ND 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


70 


80 


75 


85 
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Table 3 (continued! 



ComDOund No. 


50 


51 


52 


53 


Ratefka/ha) 




as 


03 


03 


^Species 










Soybean 


70 


100 


100 


100 


Wheat 


80 


90 


70 


90 


Com 


70 


100 


95 


90 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


95 


100 


100 


100 


Blackgrass 


ND 


100 


95 


80 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


80 


100 


100 


100 


Compound No. 


55 


56 


58 


62 


Ratefka/ha) 


03 


0l3 


03 


03 


Species 










Soybean 


20 


100 


100 


100 


Wheat 


65 


80 


100 


85 


Com 


75 


90 


95 


100 


Velvetleaf 


90 


100 


100 


100 


Momingglory 


75 


100 


100 


100 


Chickweed 


90 


100 


100 


100 


Cocklebur 


50 


100 


100 


100 


Blackgrass 


50 


80 


100 


95 


Green foxtail 


95 


100 


100 


100 


Johnsongrass 


70 


90 


100 


100 


Compound No. 


66 


67 


68 


69 


Ratefka/ha) 


QJ. 


oi 


03 




Species 










Soybean 


100 


100 


100 


100 


Wheat 


95 


90 


90 


95 


Com 


100 


95 


95 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


95 


100 


95 


100 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


95 


100 
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Table; 


* (continued* 




ComDOund No. 


70 


93 


124 


Ratefko/ha) 


(L3 


03 


£3 


Species 






Soybean 


100 


100 


100 


Wheat 


80 


100 


65 


Com 


100 


100 


80 


Velvetleaf 


100 


100 


100 


Momingglory 


100 


100 


100 


Chickweed 


100 


100 


100 


Cocklebur 


100 


100 


100 


Blackgrass 


95 


ND 


95 


Green foxtail 


100 


100 


100 


Johnsongrass 


100 


100 


90 



* = Average of two results 
ND = no data 
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Tabie 4 

POSTEMERGENCE HERBICIDAL ACTIVITY (% CONTROL) 



Compound No. 


1 


2 


3 


4 


Ratefka/ha) 


0.3 


0.3 

■ - - 


0.3 


03 


Species 








Soybean 


100 


100* 


100 


100 


Wheat 


100 


80* 


100 


100 


Com 


100 


100* 


100 


100 


Velvetleaf 


100 


100* 


100 


100 


Morningglory 


100 


100* 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100* 


100 


100 


Blackgrass 


100 


92* 


100 


100 


Green foxtail 


100 


100* 


100 


100 


Johnsongrass 


100 


100* 


100 


100 


ComDound No. 




6 


7 


8 


W~\ _ M - /I . . it \ 

Rate(kama) 


0.3 


0.3 


0.3 


0.3 


Species 










Soybean 


100 


100 


80 


90 


Wheat 


100 


95 


50 


85 


Corn 


100 


100 


70 


85 


Velvetleaf 


100 


100 


100 


100 


Morningglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


ND 


ND 


60 


70 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


100 


100 


Compound No. 


9 


10 


11 


12 


Rate(ka/ha) 


03 


03 


03 


03 


Species 










Soybean 


90 


70 


60 


100 


Wheat 


50 


20 


40 


100 


Com 


100 


90 


60 


100 


Velvetleaf 


100 


100 


100 


100 


Morningglory 


100 


100 


100 


100 


Chickweed 


100 


0 


100 


ND 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


100 


0 


10 


ND 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


95 


50 


100 
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Table 4 (continued) 



Compound No. 


13 


14 


15 


16 


Ratefka/ha) 




03 


03 




opecies 










Soybean 


95 


95 


90 


95 


Wheat 


90 


50 


70 


70 


Com 


95 


90 


95 


60 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


ND 


Cocklebur 


100 


100 


100 


90 


Blackgrass 


ND 


50 


100 


70 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


100 


95 


ComDOund No. 


17 


18 


19 


20 


Rate(ka/ha) 




03 


<L2 


03 


Species 








Soybean 


90 


30 


90 


100 


Wheat 


100 


40 


90 


100 


Com 


100 


10 


100 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


90 


80 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


90 


20 


ND 


100 


Blackgrass 


95 


0 


100 


100 


Green foxtail 


100 


40 


100 


100 


Johnsongrass 


100 


50 


100 


100 


Compound No. 


21 


22 


23 


24 


Ratefka/ha) 


03 


03 


03 


03 


Species 










Soybean 


95 


90 


100 


95 


Wheat 


50 


40 


100 


70 


Com 


65 


70 


100 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


90 


85 


100 


100 


Cocklebur 


80 


100 


100 


100 


Blackgrass 


50 


60 


100 


90 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


90 


80 


100 


100 
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Table 4 (continued) 



ComDound No. 


25 


26 


27 


28 


Ratefka/ha) 


03 


0L3 


03 


£L2 


Species 










Soybean 


95 


95 


100 


95 


Wheat 


70 


40 


100 


65 


Com 


80 


95 


100 


80 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


55 


100 


100 


60 


Cocklebur 


100 


100 


100 


80 


Blackgrass 


80 


70 


100 


75 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


95 


100 


100 


Compound No. 


29 


30 


31 


32 


Ratefko/ha) 


M 


(L3 


03 


£L3 


Species 










Soybean 


95 


100 


95 


95 


Wheat 


50 


40 


30 


95 


Com 


A f\f\ 

100 


< f\f\ 

100 


70 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


80 


70 


60 


100 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


95 


90 


80 


100 


Compound No. 


34 


as 


36 


3Z 


Ratefka/ha) 
Species 


&3 


0.3 


03 


0.3 


Soybean 


95 


95 


95 


95 


Wheat 


60 


55 


60 


95 


Com 


100 


90 


90 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


60 


80 


70 


ND 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


80 


80 


80 


100 
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Table 4 (continued) 






Comoound No. 


38 


OS 


40 


41 


Ratefka/ha) 




U.«3 




0J3 


Species 






Soybean 


95 


. 100 


100 


90 


Wheat 

www iua i 




DO 


AC 


OA 

80 


Com 


inn 
1UU 


on 
80 


90 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


^ nn 
100 


100 


100 


100 


Chickweed 


inn 


100 


100 


100 


Cocklebur 


ion 
100 


a r\r\ 

100 


100 


80 


Blackgrass 


Kir\ 
ND 


ND 


ND 


ND 


Green foxtail 


AA 

1Q0 


100 


100 


100 


Johnsongrass 


90 


90 


80 


100 


Comoound No. 


A f\ 

42 


43 


44 


45 


Ratefko/hal 


0.3 


fl*3 


03 


0.3 


Species 






Soybean 


95 


95 


95 


95 


Who at 
vv ileal 


50 


50 


40 


70 


Com 


90 


80 


60 


80 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


70 


Cocklebur 


4 r\r\ 

100 


100 


100 


70 


Blackgrass 


Kin 


ND 


ND 


70 


Green foxtail 


A f\f\ 

100 


100 


100 


100 


Johnsongrass 


•4 r\r\ 

lOO 


95 


50 


100 


Comoound No. 


At*. 


4Z 


48 


43 


Ratefka/ha) 


n o 
U.o 


0.3 


&3 


0.3 








Soybean 


80 


95 


90 


80 


Wheat 


40 


40 


50 


50 


Com 


90 


95 


80 


75 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


ND 


80 


75 


Cocklebur 


100 


100 


100 


95 


Blackgrass 


50 


ND 


ND 


ND 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


70 


70 


100 


90 
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Table 4 (continued) 



Compound No. 


50 


51 


52 


53 


Rate(ka/ha) 




0,3 


03 


03 












Soybean 


85 


95 


95 


100 


Wheat 


70 


80 


70 


100 


Com 


90 


90 


95 


90 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


80 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


80 


100 


100 


100 


Blackgrass 


ND 


100 


100 


100 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


100 


100 


Compound No. 


55 


56 


58 


62 


Rate(ka/ha) 


(L3 


03 


03 


as 


Species 










Soybean 


70 


95 


100 


100 


Wheat 


30 


50 


100 


100 


Corn 


70 


70 


100 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


80 


80 


100 


100 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


40 


60 


100 


100 


Green foxtail 


100 


75 


100 


100 


Johnsongrass 


75 


80 


100 


100 


Compound No. 


66 


67 


68 


69 


Ratefka/ha> 


OA 


0.1 


03 


0.3 


Species 










Soybean 


100 


100 


95 


100 


Wheat 


100 


100 


100 


100 


Com 


100 


100 


100 


100 


Velvetleaf 


100 


100 


100 


100 


Momingglory 


100 


100 


100 


100 


Chickweed 


100 


100 


100 


100 


Cocklebur 


100 


100 


100 


100 


Blackgrass 


100 


100 


100 


100 


Green foxtail 


100 


100 


100 


100 


Johnsongrass 


100 


100 


100 


100 
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Table 4 (continued! 



ComDound No. 


ZQ 


93 


124 


Ratefka/ha) 


03 


03 


03 


Species 






Soybean 


100 


100 


95 


Wheat 


90 


100 


55 


Com 


100 


100 


100 


Velvetleaf 


100 


100 


100 


Morningglory 


100 


100 


100 


Chickweed 


100 


100 


100 


CocWebur 


100 


100 


100 


Blackgrass 


90 


ND 


90 


Green foxtail 


100 


100 


100 


Johnsongrass 


100 


100 


100 



* = Average of two results 
ND = no data 
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Claims 

1 . A compound of the formula 

R 




in which: 

R is halogen, alkyl, alkenyl, alkynyl, aryl, arylalkyl, alkylarylalkyl, halo- 
alkyl, hydroxy, alkoxy, hydroxyalkyl, haloaryl, haloarylalkyl, alkoxyaryl, 
sulfhydryl, alkylthio, piperidinyl, alkylamino, alkoxyalkyl, phenoxy, amino, 
alkylsulfonylamino, arylsulfonylamino, carboxy, propionyl, haiopropionyl, 
allyloxy, propargyloxy, acetylamino, alkylthienyl, alkoxyarylalkyl, alkylsulfinyl, 
alkylsulfonyl, acetoxyalkyl, alkylcarbonyldioxyalkyl, alkylaminosulfonylamino, 
haloalkyisulfonylamino, aiylaminosulfonylamino, N-alkylsuffonyl-N- 
alkylamino, N-alkylsulfony-N-alkoxyalkylamino, N-alkylsuIfonyMM- 
alkynylamino, N-alkylsulfonyl-N-alkenylamino, N-aiylsulfonyl-N-alkylamino, 
acetoxyalkylamino, acetoxy, sodium carboxylato, aminocarboxylato, alkyi- 
carbamoyl, alkylsulfonylcarbamoyl, alkoxycarbonyl, acetoxyhaloalkyl, 
acetoxyalkenyl, acetoxyhaloalkenyl, acetoxyalkoxy, alkenyloxy, alkynyloxy, 
acetoxyalkytthio, cyanoalkylthio, alkynylthio, arylalkytthio, acetoxyalkylthio- 
alkyl, arylalkytthioalkyl, alkylsulfonylaminoalkyl, alkoxyphosphinyloxyamino, 
N-acetyl-N-alkylsulfonylamino, alkynyloxyalkyl, alkylcarboxylatophenoxy, 
halophenoxy, alkylphenoxy, alkoxypropionyloxyphenoxy, or haloaikoxy- 
propionyl; 

R 1 is alkyl or amino; 

R 2 is hydrogen or halogen; 
X is oxygen or sulfur; 

Y is hydrogen, halogen, alkoxy, cyano, or nrtro, and; 
Z is halogen; 
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where halogen is bromine, chlorine, fluorine, or iodine, each alkyl moiety has 
one to six carbon atoms, each aryl moiety is optionally substituted with 
halogen, alkyl, oralkoxy. 

2. A compound of claim 1 in which 

R is alkyl, arylalkyl, haloalkyl, hydroxyalkyl, sulfhydryl, alkylthio, 
piperidinyl, amino, alkylamino, or alkoxyalkyl; 

R 1 is methyl or amino; 

R 2 is hydrogen or chlorine; 

Y is hydrogen, 4-chloro, 4-bromo, or 4-nitro; 

Z is 6-chloro when Y is hydrogen or 6-fluoro when Y is other than 
hydrogen; and 

each alkyl moiety has one to four carbon atoms. 

3. A compound of claim 2 in which R is alkyl, haloalkyl, hydroxyalkyl, 
sulfhydryl, alkylthio, alkoxyalkyl, or benzyl, optionally ring-substituted with 
chlorine oralkoxy; R 1 is methyl; R2 is hydrogen; X is oxygen; Y is 4-chloro; 
and Z is 6-fluoro. v 

4. A compound of claim 3 in which R is alkyl, dibromomethyl, 
hydroxyalkyl, sulfhydryl, alkylthio, methoxymethyl, or benzyl ring-substituted 
with chlorine or methoxy. 

5. The compound of daim 4 in which R is t-butyl. 

6. The compound of claim 4 in which R is methyl. 

7. The compound of claim 4 in which R is methoxymethyl. 

8. The compound of claim 4 in which R is 3-methoxybenzyl. 

9. The compound of claim 4 in which R is amino. 

1 0. The compound of claim 4 in which R is 1 -hydroxy-1 -methylethyl. 

1 1 . The compound of claim 4 In which R is 2-hydroxy-1 , 1 -dimethyl- 
ethyl. 

1 2. The compound of claim 4 in which R is dibromomethyl. 

1 3. The compound of claim 4 in which R is sulfhydryl. 

14. The compound of claim 4 in which R is methylthio. 

1 5. The compound of claim 4 in which R is ethylthio. 
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16. A herbicidal composition comprising an homicidally effective 
amount of a compound of claim 1 in admixture with an agriculturally 
acceptable carrier. 

17. The method of controlling undesired plant growth which comprises 
applying to the locus where control is desired a herbicidally effective amount 
of a composition of claim 16. 

18. A compound of the formula 



Y 




CF 3 



in which: 

P is nitro, amino, or azido; 
W is hydrogen, alkoxy, or hydroxy; 
R 1 is hydrogen, lower alkyl, or amino; 
X is oxygen; 

Y is hydrogen, hydrogen, halogen, alkoxy, or nitro; 
Z is halogen; 

and P and W together may be -N-C(0)-0- to complete a benzoxazoli- 
none ring. 

1 9. The compound of claim 18 which is 3-(2-oxo-4-chloro-6-fluoro- 
2,3-dihydrobenzoxazol-7-yl)-1 -methyl-6-trifluoromethyl-2,4-(1 H,3H)pyrimi- 
dinedione. 
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AB Herbicidal title compds . , compns . containing them, and methods of using them 
to control undesired plant growth are disclosed, as are novel 

intermediates used in their preparation The herbicidal compds. are defined as 
I [R = halo, alk (en/yn) yl, aryl, arylalkyl, alkylarylalkyl, haloalkyl, OH, 
alkoxy, hydroxyalkyl, haloaryl, haloarylalkyl, alkoxyaryl, SH, alkylthio, 
piperidinyl, alkylamino, alkoxyalkyl, PhO, amino, alkylsulf onylamino, 
arylsulfonylamino, C02H, etc.; Rl = alkyl or amino; R2 = H or halo; X = O 
or S; Y = H, halo, alkoxy, cyano, or N02; and Z = halo; where halo = Br, 
CI, F, or iodine, and each alkyl moiety has 1-6 C atoms] . A list of 124 
possible specific compds. is given, with phys . and biol. data for over 60 
compds. For instance, 3-chloro-4-f luoroaniline reacted with 
trimethylacetic anhydride to give the corresponding amide, which was 
lithiated with BuLi and treated with C02 to give 2- ( tert-butyl) -6- 
fluorobenzoxazole-7-carboxylic acid. This acid was treated with ClC02Et 
and then NaN3 to give the acyl azide, which was thermolyzed in refluxing 
EtOH to give the benzoxazole carbamate derivative II [Y = H] . This was 
chlorinated by N,N-dichlorourethane in concentrated HCl-AcOH to give II [Y = 
CI], which underwent cyclocondensation with CF3 (H2N) C: CHC02Et and then 
N-methylation with Mel and K2C03 to give title compound III. At 0.3 kg/ha 
post- or preemergence, III gave nonselective 100% control of all 10 test 
species, including 3 crops. 
IT 188788-12-7P 188788-14-9P 188788-16-1P 
188788-18-3P 

RL: RCT (Reactant) ; SPN (Synthetic preparation) ; PREP (Preparation); RACT 
(Reactant or reagent) 

(intermediate; preparation of herbicidal benzoxazolyl- and 
benzothiazolyl-substituted ( trif luoromethyl ) pyrimidinediones ) 
RN 188788-12-7 CAPLUS 

CN 2,4 (1H, 3H) -Pyrimidinedione, 3- ( 3-amino-4-chloro-6-f luoro-2-methoxyphenyl ) - 
6- (trif luoromethyl ) - (9CI) (CA INDEX NAME) 
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RN 188788-14-9 CAPLUS 

CN 2, 4 (1H, 3H) -Pyrimidinedione, 3- ( 3-arnino-4-chloro-6-f luoro-2-methoxyphenyl ) - 
l-methyl-6- (trif luoromethyl) - (9CI) (CA INDEX NAME) 




RN 188788-16-1 CAPLUS 

CN 2, 4 (1H, 3H) -Pyrimidinedione, 3- ( 3-amino-4-chloro-6-f luoro-2-hydroxyphenyl ) - 
l-methyl-6- (trif luoromethyl)- (9CI) (CA INDEX NAME) 




RN 188788-18-3 CAPLUS 

CN Propanedioic acid, 3-chloro-6- [3, 6-dihydro-3-methyl-2 , 6-dioxo-4- 

( trif luoromethyl) -1 (2H) -pyrimidinyl] -2- [ ( 3-ethoxy-l , 3-dioxopropyl ) amino] -5- 
hydroxyphenyl ethyl ester (9CI) (CA INDEX NAME) 
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